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ABSTRACT

This papsr discussss some problems in the machins transietion of natural
language, in particuler, for transiation from Gersan into English. An
implesentation of seme ports of the trensisting process has been bul i t. The
‘systen consiste of 8 Germen interpretive grammer, to take In Cerman text and
output a sst of ssmentic repreventations, and & generator, to produce Englieh
sentences from single semantic representstions. Although besed on the
assumption that underetanding is necessary for cerretit transistion of text,
the syetem does not nou contain an understanding component to choose betusen
semantic representstions. The representation of nwsiledge and its uss In
natural lengusge understanding is & resssrch srea thet |s aiready under
intensive investigation siseshers. The isplementation descrided here is based
on & systewic grapmer enalysis of Gormen antt English, and it sppliee and
extends the work of MWinegrad. Special attentien is paid to gquestions of
semantic representation in a multi- lm sstting am to stylistic issues in
English oomnﬂon.

This report is a revised version of a thesis submitted to the Department of
Electrical Engineering on Jasnuary 23, 1974 in pertial fulfilinent of the.
requirenents for the Degrses of Nester of Science s Electrical Engineer.
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A 1.1 .The. Problem . ... . .
fhc fol lowing pages describe a:model af the trm!;&tlm procqu, in
particular, . systen designed .to .eeopt Gosnn Mt MWMO an English
translation. Th- mode! ie not in. m onee. 8. sonplete one, espacislly in the
crucial area of langusge m-sm&m Ao;lw;mtgthg,_sf ‘eomy -paete.of
the model, heusver, has been written, .f:l;sn;;vlgu@-gg.,m@gmlqﬁulqg;ﬁal-m of
the mechanical translation problem, lm&:&rmuﬂut the. ohjsotiva-of this
projoi:t \uao not to construct a large-scale working oﬁutu but rather to see
hou far soms oxiot-lm;gprmne and techniques could go in handling a group of
problems that come up in text. | . |
Ooes it sven make sanse: to speak.qf -mechapical. trlulg&im 8880
indcpendogtvpmblu? In the sarly68's it uss uidely.recogoized that ..
e undecstanding.
'1f the translating prmsﬂu strictiy a mhr of. m;tmtm in-one .
language .and. generating in snother, doss the.mechanissl traasistion problen as
such merit attention? I think it is. fair tofg@w,;;ggq! fp;».t!p;.-ggqqgtign-

mechanical transiation required. tbe full ?Mﬂ!s“ l e

Transiation seems to regyire the full pousc pf.langusge interpretation but not
‘the full pouer,of genaration. The.hardestproblem of genecation. deciding
What to say and organizing the wesssge.. is. geperel ly;not at issue. In
transiation. Se transiation effers a.somehat. circumseribed cantext within
which tq.diqcugg,_;gmg of understanding, lwrmomtatlw.w y
production, : N ,

~ _The translation problen also has the attrection of a.readable output,
namely the transiation. The output la a.critarjon by which success may be
measured, although of coursa thers are & pumber of pitfalis heres first. it is
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not hard to recognize, but rather difficylt to describe, what a good
transiation 1s. Second, a |inited system |ike the one discussed here can be
groomed to accept.particuler séntences gracefully, so that ite performance
cannot ‘truly be judowd wither on tha’text |t cen probegs succeséfully or on
the.nio daubt mlmmmtﬁtmmmmu&mrwtm and ‘e Once
~ we know the scape.of & Sertioutar sustem, hewlvie, 0l sk use 8 given output,
S or 3 lack-of ene, As S-0aste for coupariibAg el evatystions. Through: the ﬂT
' fobiins Soton to ¢ fusber of
aress of nsturs! langusge processing, .+, 1 T Lt

problem, then, it ls pessibie to donsider som:pe

| R T m&eﬂmmafﬂwﬂ‘ﬁm S
If the translating system di‘oc;uu‘:dv herd 13 fiot ‘¥n e sense & "solution”
to 'tm:‘mmnﬁwmmm‘Wlws%,i;?;gf: iSFeasdit tha evolution that
has octurred stnce Uséiren Wibver's 1943 penbe iiiui - on m subject: “Hi- Itc 25
‘uﬂr m-tnrm mlmt irmhtlmm not’ éﬁﬂym 1Aeoived ulth a
single protiew, mt, Father thebé have besh a° sertee ' probleds; s wich
' wtm that :m huiﬂ Pointad’up other- M W ﬂ.ﬁd‘tﬂoﬁﬂm ‘Bl lest
: Ittomta at NF. w-amrmg m&m ﬂeﬂmm. du%nq mﬂmﬁmo
W-ior -nati. ‘A more - inenl vied’ pReciil Ing’ e 1if1' to-hosen' pre-
“and pou-mtwn. “Whin 1t beceme clear’ tﬁat Vb -t orord” mtﬂunom did
not praduce m.ptm- tfni‘uhﬁm. i’ pribiel ues Pefined to Include
suntactic recogrttion. Attention In’ t!wﬁl‘a Wiﬁ'%u EU%s alis cintered on
parﬂng uith, for example, Mtim‘i’ ﬂrdﬁ‘tlﬁ Wﬁilh. ‘or top-down,
approach and the unrk of Yvnge's. group at mr. , Th- »ors sophisticated” fhc
approsch 10 suntax. becass, hoviever, the. m Sharply the nagging problu of
synttcﬂc tnbnguitu cowe into tocus. Methaniéal transiation min to wean
" semantice s el ae syntax, But 1t was ot dkictly clear hat’ seatittics .

TEALS
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meant. Thres approaches represgnted |inited aneupres, provevilities of
lexicgl co-occurence could b;q_ue-ggto,.--!w.sw‘ths..f"!zﬁg'!..--t‘: parse, a group of

semantic categories such Qamtrn;-’h qqulg M%gucl tg rntrlct 4,

participants in a gramsatical relstion, snd 8 fixed, !‘””‘W"""“'“ be

used to choose possibls, Interpratations mnd Wm'!g'zw-s-m"
as Bar-Hi)lel a’nd othere, ronckqg, gv,n lf such ngtgggg could cuin 301

 reliability, ,""“ would have the, dtmim%mgmpt u uould be

impossible to predict where the srrory mowld peour, . qéﬂmtmﬂc mh to

senantice uas necessary.

s !‘" Hey . RO ;‘,,Wm

In recognition of the, ;ﬂfﬂcgutg,of tb;g m mgpgl trptlgtioﬂ
problem, support for. short-tecm, l.es, RCAGtIGA!.. proiscts drisd up, The early
68°s sau a shift ausy ‘frc-,attnptq to buiid working systems to an emphasis on
more basic rouarch. Linl._ud mﬁm came Into use in systems such as that
of Raphas! 429) Hith t;m,.igpu;qgign;ﬂug WMP }Mw net.only @
stive shility. ae ulj,,,,,é]'pn;gn 137@ Mith the
development, of PLAMER and Winagnsd’s mmationcanewering system, the |liwited"
uas deletad, and more ganeral deductive RLILYY, whe, vAGATEd for. Satura

language procassing. Implicit in Hinagrad’ s system. hut et cisar iy, avigent
because of ite w-timw'mm 448, 9109, tha.Japogni tion that. @
“sentenca. is not rea] Iy, a0, indepandant aewmtic. it Bt Anated pacs 91, @

larger contsxt. Eugens Chacnisk's detaiisd anslyain (2} pt, the problens, of
~dealing Mith context inpiss that sentancacbyzsantence sparoaches must go the
uay of word-by-word tranelating watess, . Thia le k. te aay that the saptence
is not an important basjc unit, tut 1t dose imply dhet the only susten that

has a chance af succasy at high Iavel. |nRuage prasyseing e ore. that cen deal
With the interrelationships within text.

static "meaning” twt aiso & da

While we have not yet coms full circle, 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 thet run tbrough the
nervous sustem, Is the play of the, GrasAtoRhgres, o1, the. sephalopod.
The skeptical will mtmc§huiam,§mimmw,but lat me
remark that a njor factor llnlg@ %w}% af %m}& the. very
constrained scope of the. mlqp yqtjwiymimgmtmt probiens
- still do remain, It would teke oply A relatively %m,’f routine work

again that thi%;t,ltrmlg?gf’!‘ H"HM”‘%'&%W* &;ﬂg“
understanding, so *w‘ﬂWMM&Awﬁmmwm }petances of
corsference uas. dona. by g“«é“"!"mrﬂ'ﬁ%wmmaw not done for
the sake of exhibiting. &rm‘&ﬂ%#‘émmm'ﬁMsgtMr. it was
in the interest of getting an.putput from s ,watw,*”mum

Let us ook a;&;hg !ull taxt. connlder %m .pf the probluo‘
that a mechanical trpngiat]

Lan. sunten msmm Hore, 15 sbp Germen
text, and fclllou-g%xi td q&mﬁm g&% L
by imeed o L beadl cesioouncsesnn
{1} Ein dcytllm;gjgmw%zp%m ;@' e i&hmtgl
ver |autenden Errepungan |at,dan Saisl; der. Chropatophecen
der. Genhalopacan.  Janer. snter. dor, Mk, ) eqeeden. onby o
aun, echuprz, viplaht ader. karniorag pesishien, Zalisn,

(8) q"."' »?‘v‘m:!!!*}mar e : mﬁtﬁr&é”w”& AT
anutzu'\gg& Mqig; £ cheph

WA AupORRra) te, verden,,
_kbnnen.. Mit jhrer Hilfe Nm aleh die Tisrg bis.
zu einem geuissen Grade der. Farke des Uptergoundes. .. .,
anzupassen. Die das Chroma pry ’!ﬂ Yor.an) sssenden

T gt

(18) Relze werden nlcht r,n‘;r“dﬂg-cop {gmm ppndecn

1 uTHE ofin “*ﬂﬁ*ﬁf‘{g’{g‘.n

durch diese Farbze)len selbst auf




(15)

(28
 Chrowstophorer aus. “Eine: Eledone, deren sbetiTcte’

(28)

(38)

(35}

auszuspritzen. 0b die Ciphe

14

Kraken bel piStzlicher Zunatwe der Lichtintensitht

ganz dunkel, such uom ‘sie gebleniiet sind.”

 hingt der Zustend der Bmww

Mmmauehmd&n

rauh Tst; eitw varsohisdene Wirkung Buf die

Sauynlp®e: entturrit orden:wind,’ bieitit stiaig ©

gelbgraks, Artit sich auf Reizikg abir nody dunke |

(Stetnactdc NIt dew derctr Lictitrel z herven
' Chromatopivdrerep 16T pf1ugeh Bl

besobachten |8sst. Auch der Trwhw pflegt dabel lasser

W' esitiet’ auf Farben

‘reagluren, ist nicht'bekanit.. NUeHvon Héss soiTen sie

sich: uiwder farbenb! inde Mem

atche” In° derTiatese: lebentih Tintent ivehe In

buttm. von denen Meh amtm débs ﬂo 2’

gegenseitigen S?chwﬁindm der Gucmmtor dimn. 80
scheint das zum windesten i is"i{i’oiﬁ Forwen #0r ‘ainen
Farbensinn zu sprechen. Eingshends R
Untu-mmngon Bber einen etiigigen Ferbensinn der
Cephalopoden. sind sehr erubhecht. Neuerdings hat




" gomething, Howsver,” 'then ths™ chrol ‘
_nature of the bottom, whether it Io s 8 l n.,
B4 iﬂf'll‘m Oﬂ th. é'n W 1 mw "‘ b'.ﬂ .

“givan different-colbred stinali, GhTER §

15

Fr8hlich Unterschiede in den vom Auge abgelisiteten
(48) Aktionsstrimen auf vonchiodom Farbcg ze festgentel it,
Has obcnnllo uhr dafbr opric;;t?. un d!ou ncro

.....

Farben zu unteracheiden versbgen.

2 oae
EREE L

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

cells that lie under thc skin and are colorsd oM, n, .bleck, .
purple, or cacnimé Fed.” FEan®t tiwkdatves BHd, igain, via
radially fastensd muscies, be spread um in s face. Hith
thair help, the sninei”™ s dle th ot the coior ‘of
its background. The stimuii that trig the chrosa oghorn
~are percetved hot only” %ﬁ% E%U!Wéﬁ?ﬁf
themsslives. So it is that cephs m witc dark in response to a
‘sudden’ increase: in ’l‘fgﬂ%"*ﬁ% s oveR thiy eV OBEA’ BT inaBd. On

‘the other hand, the state of‘cmtrcctlon or rgigutlon be
ehcieh't - on® €hE ik t&@z& "ate  not

ti‘i. W

the! Jg‘ %  ohere to

chromatophoriés’' is ateb™a

grasping, the chromatophores ar c'g

removed repains 8 | I lowish o#

a stimutus (Steind ).“”Mon{ th
light stimulus, thon are generally sove
particularfy ssey to observe tn goﬁf’l R

¢ t uill still qodprk if given

'p 'iu! é#gi es slicited by

gw %. uhlch are
tie, the smbulatory

funnel usuall squirtqﬂout.‘ tor. HWhether t Rhalopods eV t to
“cofor “ig not’ gném deording to Von ho"?i“ avior gi "‘”%

of a color-blind men, But ﬂnco %m TR X he! ]
possess | ight birgans ‘that shine i vﬁm%é&% i ftwci ‘one
_assumes these serve the purposs of Joaeh |
“then for at Teast thess f’orﬁ‘ﬁm ﬁou%gég inel mﬁ?.@.ﬁ. of

color. Thorough investigations on f calor in
cephatopods uog?d‘ ‘be” m:‘.ﬁtwﬁﬁmﬁw&ﬁ{% &i‘f’cﬂ - lﬁfgst&
distinguish differences in the neural i %pg

Fiv igﬁgtg éw@ioh “that

these aninals are able to diotlnguiph co!oro.

T

The choices that had to be made in préducingfhetrmhtionuillbe discussed

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

reveats the fo?loulnq sorts of probltlo:

(a)

SYNTACTIC AMBIGUITY: Cholce of a parn can have rather otr*iking

influence on a transiation. For exaspie, fine 28 #nd 29 ‘can be parsed in tuo

S SOV
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ways:
Ob (die Cephatopoden) seibst suf Farben mgionn .
Khether (the cm!ml oven rﬂd ta aoier voe
Ob (die Cephsiopoden seibst) o auf Fm ruﬂm
Whather (the Wlmdl thawseivas) resct to

quﬁ"",r-,'- —

(8)  PRONOUM BEFERENCES are wumlnmmm In Hm 7, to
uhat dou mm«? The. susciea? MW? It is our.
m-wm of the. ﬂ‘miﬂgm wm Mm hard and tast rule,
that determings.a choice. bere. 'ﬂ-mu ooun raferance.is nat
only limited to_persanal proneuns,. hu& innim mnm pﬁmm such as
danen in 1ine 33, and demonatrative ,@,wmiwé pronggns sy
~ _and jeng in ines 16 and 18. In sdditiep. cospmnde
 be used to rﬂwmd (Tine Z‘Iiirtnrgw
Going from Geres

ambiguous pronoun mhﬁm with an_ MJ&%@WMH& prondun. When &
_sentence needs considecable rearranging, howiver, this ulil not slusys work.
For tumh. ue m bgu to put in Qmﬁgqu m ;h wigtml m a
profioun. Nots siss that the {inited susones’of’ %!m spirosch is.pactiy 8 by-

"'Pr'oduct of the. anguage pairs ghpm. Gglag ng Emu;bﬁ!nto Gnugn. where

il e 3

gender agreement is necessary betusen H‘m #nd referrent, a definite choice
_ of pronoun referrent uould be. fm wore often_thee when the dlroq&lon of
tramlation is fl‘ﬁQ Germpn into English, So whils o gpeloim lbqut pronoun
reference uill not be forced in svery coes, feanpiating. wotgl mst uo
squipped to make th! dacision uhen. Wnﬂb . :

 e) Asﬁfprmsargnotiﬂm WImecmiuofm

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

noun groups are corefersntial, [f the noun groups, erg coreferentisl, we can

transiate "die Tisre sisply as "the snigals® fer. #p.ithe snimpl,’ since this
sounds _mare »9'*“59:lfiziﬂ English). If, on.the ptber_band, "die Tiere" refers to
‘,a:ni!al,ls in general, then.the English would WQ&Q,{NJg!&"minll.' '

(d)  CHANGES OF TORIGs Taking the, mﬁmum&m uith, "eins Eledens® on
line 21, and reading the lglnclmgg the. naxt ”@W*u is.nnt specified
whose chromatophores and.arps us ars talking, shout. - thoq
. any_cephalopod. Thers are.cluss, but we havs_ to undersiend. the confext to
find.thew, Probebly the, sssisst uy 1o, declde. Ia 19 use, the, ipforsation in
 the subordinate clayes wp. can repson, that, sep)a, s, & guociaes. of cephelapod,
but not_of eledones, #p the dissussion st pactain. i9.cephelppods o, geperal.
As in. (p) and (c).abov, -a.tranalation.can wayellu.ges,by. ulthaut keeping

teack of changes.of .topic....But. 8] tuaions Wi 5o Y. dn.which; ua beve. to
make something explicit that uas left implicit in the original, and, .for this,

0s's or thase of

knouing the topic couldv be’ crucial. | :

(e) Another very difficylt ares. is YORD CHOICE. The paragraph here is a
wixture of technical and comsen |angusgs...in general.;ihs mers common the
' to, seapalats. the ord.Earbe from

. word, the more varied. its uses. For sxsmple

line 8sitp¢ dlctiom;mj says v nust. g
1. color, tint, hue
2. stain, paint, dum.. . . .. |
3. complexion )
Therefore, even if ue knou enough to untsogis.. say, xmmw .

.reference, ue still have to knpu morst. . thers ace. fine distinctions betyeen
dj fferent words, diffprances of connotation batusen supoouns, and Issus. of
“hat. yords comblne beRt Wi th et oNhge, ONE. . .
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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.

te) No undcratanding of the toxt h qttuptod. ng ig Qecauu the problon

o BEEIN gug

of reprcunting knoqlndm lnd uling thi: knou!edge f%r diulblgultlon are
2R AERTED pigipe: o

extrenlu complex. A concidorablc aount of ressarch is underusy In thio

area, and uhatcver ruulto appur in thc ﬂ-ld of notunl Iangum

undcntanding ulll havo dlroct relevance for trmlatlon. Tho Gcrnn
R T WY oty ]
Intorpntivo grmar in tho oy io cmctod tg the Engli.h gomrator vla
SEnigry of YERE Toal sl @sd TR B,
,an und-ratanding bg—pns routino that roquirgo huan intoroouion. Thla lo
R FRRRCRIL = z ST B EF TaRiw ity ; ¥

- intcnd.d for duomtntion purpono onlu. ; Y
'(d) Tho wotu in & very poor convqrutlomllot. ThoGorm grnnr. ;hich
is the most complets component in the ouem. i propaud to parse qunﬂom
and connando, but tho rgnt of tho ogptu in gurgd otrictlwu for duclarotivo

s‘”fl ""*L =3

, tcxt._ This Hnitatlon ll tho ruult of tin cmtrﬂnto. but aloo rcflocto

ELetEL o s’:r—;;‘-s‘* o

~ the focus of the prujoct on comctcd urltton tut.
The reader by nou hnvln idea of udut tho

Sl R Fa -t

tq,doog__ not do. and tho

follouing paqu ulH hopomllu uke lt clur pat onlu uhat tho 'uoto- don.

vl SRR B :

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

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

Familiarity nith Hinograd’'s system (38) and LISP. hounr. uould be uufu!.

P B R Rt

1 S &mization of the S\Mu

S E e lom e R IR R R A

Tho mplmntation uas urlttcn in HQC—UQ q'-d runs on t_ho Pﬂ’-—lﬂ

x ””Qﬂ SEO

- lnconpatlblo Tln-Shorlng Suptu lt N.l T'o Projoct MC Tho trmlator hu

slx major. conpomnto, uhou functiom are outllncgibolou. lt currentlg
. occupies about 186K of cors, shich includes the LISP Interpreter. ,I!":A,su'*“

has only been run interpretively, but could be compiled. The major cqwto




ares

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.
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Associated uitﬁ the semantic structurs are the routines of the ENGL!SH'
DICTIONARY which, when executed, supply & set of rolcvaﬁt English words. :
Using these words along with other infornatioﬁ aQaiiqpio ftou the semantic
representation, the ENGLISH GENERATOR can then construct en English equivalent
for the input sentence. Output is not necessarily sentence for sentence,
since the transiator does have a |imited facility for breaking down lang
German sentences into tuo or more short English ones.

e .

The sections that follou dcai With the system in approximateiy this
order, With the exception that information about the dictionaries is
distributed throughout as it becomes relevant. Chapters 2, 4, and 6 discuss
the sactions of the mode! that hsve been implemented, and chapters 3 and 5
discuss some issues in representing know | edge and understanding natural |

" language.
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Chapter 2 -- The Gersan Interprative Grammar

‘ L 2.1 The Undtrlulng Thonry” o
The analgslo of Ggrun Has hlud on thc thnqrg of ugog;qic grunr
dQVllopod bg l‘l A K. Hillldqu (19—16).” Son of HCLHM'O ld.ll dhcourll
v hnvo aloo boon uud, but dlpcqulon of thil e g,h:r;ovdytio gqctlon 4 9, ln
vducrlblng nuatuiq wm, I mt mcquarilu bo hriof. onq tpp rudor uho
wants an in-dopth trutmt h roforrod to‘[h!ﬁ UWW(ZO) .andle:ograd

TM ccﬁtrﬁl ;rocept of ﬁal'li@'a theory ‘i‘o thlt Ionguago vi.oaotructurod
to convey mesning. That is, sny analysie of |anguage emt. and should not,
divorce form from this single, onrridlng mﬁm. T!'p job of cmvoulnq
meaning is delegated among different mtlctlc units, of which there are three
canks: glause, grouR, end pord. At the group level, there are noun groups,
preposition groups, and decctlvo growi (1 follou Mﬁ"ﬁ! in extling the

verb group; see section 2 6.1). The mechanien of :m_u pqulto one unit

to auun the rolo of ansther, for lxuplo. a cuun“ﬁl‘ﬁ tlko tho pllco of &

noun group. Auoclltod with each unlt is & netuwork W’m With a eet of
mutually exclusive features known as & gustisn. . Thess networks specify the

choices available in the language. MWe move from one level to another in the

b e

netuork by satisfying thié antri’ gt a s{jetél; 'Calh choice made may

set up certain constFaints on the Oﬁi@?di'itr"nciﬁroéa?’“‘d‘ifu’ttd"’inci by Heans
of reatization rules ‘sesociated with 1t.” For ‘eximple; “the deciston ‘to put an
adverbisl (a Prefosition group oF an sdjective grotil in the firdt position of
the sentence in Germsn Mo'ifw‘t stbject and ‘finite (T e conjugated) verb
Will Nave inverted order. An fmportent point about HiiTialy's theory s ‘that
the choices at a given stagé sre not ordéred’ ifth FaepeBt' to" edich Sther.
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Uniike transformations! grawmar, we afe Aot deriving one fully-specitied
structure from another. Instead, as we procud through the netuorks ue

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

m sy
I3 S

utterance is fulfﬁ specifisd.
" A network for “the Gmon ciduses handied in the syston appears in Figure

2.2, along with cxuplo mim { have irfod to uﬁb “the pruontutlon

close to that of Winograd, ‘'so that & reader tamiTiar uith hié Erglish charte

 should have no di ffloulty here. The notation uesd in the network is shown in

Figure 2.1, In Figure 2.1a, the verticel Iine indicates a systes, snd the

LT

B4

0 [ e

PR . Fiowe 2.1 .0
~horizontal line on the laft specifies, an.entey condition. The system may be
labsled, as it is.hece, by ueiting the, Ianel sboyn:the.sntry condition. Jf
,two indepandent systems share the sams.entry. gonddition, this . is.indicated as
in Flgure.2.1b.. If thare is wore then.oqs antry conditlon sspeciated with a

 given system, _it,,m enly be. necesgary to.setisfy one of them (Fig. 2. lel.
Features indicated by a dashes (-—-) sre yengeked, and ace. Qgﬂm mersiy as
the absence of . the gther festures in the mtn.w S
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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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i 2.2 A Dcfinition for Suntax | y
Dlotinquuhlng wntux fron unntico iq a qllppqru buoinun. npccially
when | have juct cuiud to umcrlbq to tho idn that th- otruch.ro of an

15 zgﬁ‘&*ﬁ w2

utteﬂnco u mtint;lu mtuimd uith thc namng It commuo Still. thero
. PE» oG u

seens to bo sowe luf. loft in thi- vcru old dhtinctlon. so Iet u ukc an
attonpt to dclmit a unful bomdlru. Trnditioml Iu. ogntax hu dult uith
sriony ekl 5k

the forul of Iangum md unnticl uith ito eontont. or annlng. Thlo )

st vhal re o raitdonie

Hdoﬂnition io 8 otart. but it ia too nuch of e tl-p_nﬂcation, olnce It

ulgnoru th- cffoct. that manﬂc contmt can hlvo on forl. ln Gornn. for

At Bgs BUTAENGS MR ST
examplie, the dcfault advorblal ordorlng is tine before nmor bofon phco.
D rEey fs;

Hore. time, manner and plm look Hko nnntlc catmlu. but thoir prcunc-

[T TR e Y Eaming dame im0

hu a dcr-ct offoct on tho aurfm otructure of th_o uttcrm.

' i ARE R aniiahd _% Etgre :
Tho uholo cituation boco-n ovon lOl"l cgmlg: mu; om comldoro that
s Tepni e TG I RR S 2 H O

noot cholces about tho forl of an uttoranco hwo mot an, in torn of the

tradltional definition, uuntic ilphcltiom. lt il truc thl‘t th-ro are

eLrE

choicu that mu to be ntivatod bu suntactic rulu qlom. ouch n the flct

Fy T EGET
that the propooltlon m takn the occmtlvo eno ln Gornn.msmlo one Hko
. kel takes the dative. (H-rn, and in wjtqu)l’lggo, l pl,_up}qgr " rulg" jq_tho

__broad sense, to mesn a r.gularltu In | angus l_oﬂ [

situation such as plur;l forutlm. ln Gwngi't,!. thon are uvpral m- to form

the plural for nogno. uith doffcrunt mum t;king

etc., The choice betusen endings is 8 omtu:;ic or m}pholpglcol one (although
many uords are fairly ldiqsyncratlc). nut at tl:o:xo;qo tip. tho addltion of a
plural ondmg rofloctu a distingtim bctunn one and qpro than om that is
basically semantic, in the traditionl! %u. ya gl wee A

To firm up oW definition, one way ta Qg fro:p hqr. mld be to idantifu

L l.-. n“ ES TN R E - T A PR

the euntactic aspect of language uith rqlu that gwqrn sentence fprntlon and

ﬂy;"’ 3w i
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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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;othor hand, such things as. advorbly ordering (uptim above) and-adjective
ordering beforo a noun ("the big rcd block" s opposed to “the red. big
‘block") are ordcrimabw the gj‘pjug.‘upd e, M .90, Wtic critoria.
Rilpti‘ng thli definition of syntax-to the netuorks.of systesic orammar, I

would call & feature syntactic if its sssociated resiizetion rul,g:nll fall
into the thres eltooorin glven above.

SR R e

1 reajize that the dofmition of syntax givm horo ;- ) skotcbu one, but
deciding, uhlch‘ rogular.itin phquld be mﬂgqt;a in ”thp mggglg_ g:,
(both intcrpr.two and_ganeratjve) and uhieh in thp mt! '
should add here that these criteria wera ignored

Pt e e

et § ,!%‘.llg 'or tm .*. ﬂf

efficiency, so_that the interpretive grawsar program is far from & purs .
linguistic statement.

2.3 Hord Cluna e

While 1 qu not. discuss the trutmt of clause

uould like to look at clncificqtlon at the uord l
dnffer.nt partn of lpooch uud for Gornn uordo follouo. uhllo . -unuru of

the features used in definitions cmbnfomdin Appendix A,

2.3.1 Adjectives and Adverbs

~~~~~~

good." the equivalent in Gerun_,_i:g ::ﬁiqno._-lpqt m.;. -ndﬁFide !\-,t, m To
get an idea of where the distinction betuesn '41'“!”“"“ adverbs s to be
draun - or whether such »;g.d‘-'“."cﬁ?“, aven ML‘%“?‘W - ve need to knok
the functions that these units will have. Five |ikely-looking functions would

be:

¥
(2o
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(1)  attribute of a noun (declined), as in "der pigus Engel® = "the blue

(2) complement, as in “Die Eledons st W-*Tm eledons is smart”

(3)  postnominal modifier, as v‘l,n}'vmifﬂcﬁ-i“l.m"‘*- “the .tuat:ép the

loft : B " : : o '

(4) modifier of a verb, @s in "Er t8hrt achoail® = *He drives fast®

(5) _modiflar of the wodifier types (1) théough (5), as in "eine ashr

gute Gelegenheit" = "a very good epportunity® |
Eapecial I ihen dealing iith German, it may be betteF to have a single
adjective-adverb category called "modifiars” #hd aveid the ‘bébbtiii of where to
drau the line. A highly conssrvative line, houever, iilis draun for the system.
" Basically, an advarb is a member of the class that performs function (5)
above, but thouan saveral conditions that further constrain adverb
uonb,crship; B | ’ o

One criterion for an adverb that wiil be used is that it may never teke
adjective endings, that is, pecfors funciion (1), 'Further, sn adverd may
* never have & comperative or ’m'porl_ativof form. Both criteria must be present
“at once, since some .X\p“.rf‘lc’f:lh gooduordsthlf ‘_tn‘kféi*f:tr-f‘bulti% endings do not
have comparative or superiative forms, mdthoro # e uords that cen ,pc’r'fo:m
‘both functions (1) aﬁd (S5). An exdﬂpln of the m“riimm in “ein
deutlich sichtbaras Zeichen* (*a clesrly visibie indication®) and "ein
deutlicher Satz® {*a mesningful senténce®). Candidatés for Gdverb, then, are
words lih a0, m.m. and 8 few others. T T

It .m‘.’u‘t be obvious at this point that adverbs sre a rather select group,
and that the class "adjective" cqe.e. a lot of ground. To alleviate this: -
problem, the systes qa..‘ features that correspond to the functions given
above, Adjectives sre either ATTR (sttributive, function 1), COMPL
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(complement, functlon 2), POSTNOM (pootnouinol. ‘fun;tlog}‘ia),‘pr RELNOD
v(rolqtlgnh mlflln, fum;tionmb and 8). .§ hm line vagwtako )
object as a verp doss, for sxample, "Ons ist night der Mw (Tbar's not

1, the, ODLOCt must be

worth the effort™). 1f this is passible, then, the case
od;ﬂqptm.

el

L spocifud in the fgaturn Iist uf thc F&

ATTRibutivo adjectives are ECUM. which means thct thou taks .ndinqo.
uﬁich are specified for cass, gender and number of thouéulnnoyplp the. noun
_group. Adjectives are also said to hlvq & STRONG, HEAK,. or MIXED declension,
| dapcnding on the dotcrninor in the ,oun group. SM ’dﬂ!‘octi” wi@c sre
,"”d uhon an odjoctlvo lo ln flrot moltlon In thg,nomggoup! f?; ?n&?plp.

' gutgg_ ugln" ( gond ulno"l or uh-n thg ad}acttvo por;l lolg anotrpr ntron&m
) docllmd adjoctlvg ('fum. _lophaftor Noin / 'fim. livnw yim'). ..L‘z.“

Londingc appear on adjoetim fol lowing K dot-rnlmr uith ntrong oMIngp
h.( dcr gute Ncin / the good ulnc"). ,ond ﬂl)@ unding_o follou indQﬂnito

K doturnimra, lmco thnc may or may not carry cm mm inforutiom

| elmn guten | uoin" laccuutive) bqt “sin, autac K Wein® (no-imtivo).
1 should not. that calling uoraa that fulfill gmt,,m (1). @, and (%)
: ‘adjoctlvu is in agrumt ultﬁ tl;:mluglsg pt Glinz A8 ‘“W. my adverb
catogoru ls more tightlu comtrningd than th. .

2.3.2 Binders
Examples of the class BINDER are dass, pachdem, mgm. stc,. Blnduro

bordingte. claves, Ha00/dann, combinstions
(the equivalent of if/then) are not handied in the | %m%&put they would

SRS Yoy
GomRE

need a special tag in the dictionery.
2.3.3 Cardinals v S R

o Cardiqala m.m. ike Zugl,. m stc,, oggur. ;,n,m,grw;. and right
nou tha parser assumes. thet they il not.be degiineds. .
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2.3.% Conjunctions |
" THe coordinwting cemjunctions - und, abier, gder. uondarn #nd tanh - are
not given symtsctic-features, but TREteld 876 detined using a special
fuiiction. Ih the sgéten, the parsing of conjunctions is done using a program
taken from Nihograd®s ‘systes uith only ¥iight woditication. ' Ses Winograd (39,
p. 9B #£) | | e T
2.3.5 Detarwiners
'Detdf'*hivmn' (DET) ars a fairly diverse class, ulth the common property
‘that they can, and -ususlly da, ‘otcupy the first position in a noun group.
Those ulth the mturo OEF - -the detinites ﬁr_. dla, das, m. otc. - cerry
“speci fication of gander, nusber, and case. The indefinites (INXF) gin and
uln are "ais%‘ﬁmi’ilﬂ with rcmct to uunhr ’(5“&’ or PLUR) and tske endings
that indicate gondur tnd case. Poahuiv- mﬂm Ml llkc l!ln Mn
then teka ‘endings “for mdcr nisber, dnd case of ‘the main noun in thcnoun
group. Determiners that take “der® endings sre caffed demonstrative
adjectives haro mwm and include dj_gg—. hn-. otc. Thoro are lloo the
interrogative determiners (INTER) m:n-lndm. i,h_[m- is declined for
gender, nunbcr and éan. while m ‘takes 55‘6“‘00‘“ cerries nowcﬁ
specification. SR
2.3.6 Interjections |
These HON"I. Hike m:-_ and ja, m mar ‘betusen the tubjoct and verb in
regular or &ﬂvertud ‘order clauses. o R o
2.3.7 Nouns.
Nouns may be either MASS, COUNT, or. proper (PR!?N).‘ which are rélw‘fnt to
wuhether a deteriiner m'm used. They may be. smm or Ltm doponding on
uhat endings are taken. For sm nouns; the plurat ‘#nd gmtthn endings are
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/

given in the definition. :It;of.‘.witltﬂ ending .18 neceasary . hare because thers
is not enough mphplogli;gl, in/forua,’tlog:»lqigméuim;ﬁq?u;j@oﬂt}o_ggg;;lyo: it,
'To do this.reliably, INPUT unuld(Mygﬁ,‘togmg@%;MMQQ&M“%MTW of
| syllables in th.uord and the nature of ite-teewinal_ letters.
2.3.8 Partictplu o

. The PARTiciple class. consists.of past. mug&p;q; (PASIP! - Huo :
gaachuomnen (nin) - and prosant particivies. (RREWPL.. ) ke ackmineand
(auimming). Participles are not entered in the ’dictlmwm&!ait[g.&mt thﬁ
~under lying verbe are, . |t i-;,'t,tp,ro;ga,nngglg,;tu;gfj,‘_,;gg_wg@glgﬁgrprogrn. |
discussed balow, to trangform a verb dafinition into mm‘ -a-participle. If
a participle is DECLined, then 1t takes the same endings 8s-8n.adjective.
2.3. 9 Prepositions

. Happily, this is a simple pact of spemch gmvtgg‘tggalgg.,:ls:vpgqpq.ltlonu‘
are either pre-fixed (PRE) as in ';gumm.'m-«mt-quwognurm"m
“w.-mmﬂ! ‘The cases they govern ace.mitheedative (pgni.;.ggqg,:;s,n_

(ACC), geqitive (GEN).or mixed (MIXED), i.s..either dative.or accusative,

2.3.18 Prbnouns

e

As in the cass of determiners, there are 8 number of vu;,tnt,luﬁovf
pronguns (PRON) . ﬂont commen are the personal. prongNps. (PgBS) which is
actualiy 8 poor choice of terminology hers._since in.German. they sre .

. fraquently used to refer to inanimate objscts. . Persopal pronouns ars ...
specified for person, cass, nusber and gender .“! tMrggorml, There.is
~also a group of personal pro@ouno distinguished b%mtutun\,ﬂﬂ.tm RELMOD
‘pronouns |ike dga. wAs. . 80d.da (uhen.ga is: conpounded uith.a.preppeition) may
refer to whole rsistions or statements rather. than just to.ether noun groups.
The ,intmégatm pronouns (INTER) |ike.usc: and yas.8ce specified for case,
uhile the possessive pronouns (POSS) - Iike. Bige - ere macked 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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sscond and third person singular, (REG, IRR, MIXED, and UL, respectlveiy).
L1200, x&qgrm INGEPPR. _This
information is for the banefit of the mcphology coubing.. . -
Another «gortufinfgntimi; the type of objeots. that. a verb may, take,

~ .which uill detarmine the transitivity of e, sy, Jastead of using

_ fu_tut!‘v! ke mtlu. 1. have apaci tisd QIW‘*L’J%;M; 1ecwe: af. sntactic
‘ : ct!l for noun group_’f ather, MQKW 3@‘ mhé"‘" wa — A+D
is the juturo of a verh that takes an accusative sngt g, dstjve object (not
necesssrily in this order), 1f a prepgsitien is ragyjred. hy. the, verb,. then
yarbial is requirad, ,,:g_v" is
h_“"&yf?f» W“&lvq. ~An
_intrangitive verb is still marked "I," Q!‘d (¢ 4.%"“_) is used for

Verbs uith inssparsole prefixes, |lke,

its transitivity is given as “P", while it any &
used (for no particular reason; °A; uss

AW

dative pronouns used reflexively. "Z* is uesd |f a.rankan)ted, "zu' clayse Is

requnrnd, as in. )

 Auch der. Trichter gﬂcgg Wl AARRL,

At the same time, the smbulstory funml uwallu%m;tn put water.
I have not used categories |ike Srequired locatjgﬁ,}%vlppmtgﬂoum to be

tu: _component, (In this case, a selection

part of tho broad-r PRAnNOReNo

verb, which is handled hg thcb

restriction would be used.) A verb uith g rﬁgjrd .lnqggion. tm, is lq‘kud
with E, P, AP, etc. as relgvant. For 8 complete |iat.af the transitivity
types used in the system, ses Appendix A.

A netuork tike Flgug*o 2,2 givag & mgam af structuras m”lq;. in a
language, but does not specify how ue 9o Shmit ”gum 8.91Lxan. santence to
this descriptive information. . One solution to this Hnab)

8. sds. given by
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Winograd, and for the interpretive grasmer, I fo! lowed his Spprosth qulte
closely. Winograd®s approach iw mot the only Wey, of tilrss, to use the
information in the netuorks to puide parwing, #H8 I will coms back to this
issue in section 2.7.2. The Germen’ interpretive grassdr wiis uritten using
PROGRAITIAR, & L1SPLonbedded [ahguage dociieh ted in (Hinoyrind, 38). In brief,
PROGRAMTAR provides facii1tise Yor comstructing, Thepecting, and Wanipulating
a parse tree. The basic function is Memﬂm%mna» inspects the
input sentence and tries to aud the speciTisd fiode to the ties. A group of
feature-akamining functions N, WY, €0, IS0, ¢t&)) allou inspection of the
sentence or tree for perticulsr features, and ‘another group ‘(awong thew, F,
FO, R, RQ, ADO-F-NODE, ard FEMOVE-F-NODE) u!Tasi chilvges to be made in the
futuru of a node. For mlng vm fm m tree thers is the function
MOVE-PT, uhile MOVE-PTH con B4 used to wdve sround
paree thnu out to be incorrect, the backup functions POP end POPTO nay be
used to remove particuier rodes frow the w The Badic statesent type ie
the brmch statemsnt: R e R '

tho hput mtm._ If a

{1 (<function o varistles) <iabel-1> <isbel-2> <label-3>)
Control goes to label-1 if the function or varisbis eyaluates to m“‘n-hn"; to
label-2 if the viiu'. is nil, shd to 1abaT-3 1 ¢ aa%n'd”*of the sentence has
been reached. Lsval-3 is optional,

Since PROGRAITAR uas designed to handls Erigifsh, some changes snd
extensions were necessery for wocouingt‘nrm.‘fhti’. ‘Involved ‘the addition
of another auntéc'th: level, that of tﬁc“prrm. the sxpansion of ths apparatus
that assigne feature [Tsts to uords nd nodes, and & mechenism for hand! ihg
partisl information as Tt iv atcumatated. The ewt of this section will
discuss these additions to PROGRASWR.

As in Winogred®s systes, ﬂnic%mimhqhmw the. syntactic
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specialists called by tha PABSE function, . Swtactlc specialists corresppnd to
units, so we have CLAUSE, NG, ADJG, and PREFS. In .@J}!}pﬂ, the German parser
~ containg rqytinu th@t handle phrases: . that. ie,, cqugimonto t,hat often .
appear together and for which, woutinlz;tion makes sgnes, hut which do not
enjoy the thaoratical status of a growp or. Mmgo Y mic dlfference .
‘betuesn the treatent of groups and phrases {3 that A node. (s nat; esteb)ished
for a phrase uhen ity routine is entered, but .2 groun aluae hae i ts gyn_node
marked with’ its name and features. Rhnu programs are used to hmdlu things
iike verbs and objscts of verbs. The components éf these phrases are
interrelated, so we would |ike to handle them together, . Thay are not full
anents do net hays to remain
A 8, direct object
may appear before the finite varb, uhile the indirect abject of the eane
sentence comes after the varb, No m‘“““!ﬁ“’ i PROGRATEAR in

units of the gramsar, houaver, since the cao

contiguous under a1l circumstances. For exsmple, in G

_order to urite phrass routines, since shey sre treated |ike ordinary . .
subroutines, Phrase programs look |ike group.propcsms excent that they do not
use the reserved tage RETURN and FALL. Ngdlfgim ROGRAITIAF

to permit use of
these would not have been particulacy-difficult, gnd_for ,gn?i},fpc,l;}tvg the change
should probablu have been. ndo | ‘ _

The case-gender-nusber coubinatorics of Gwm QQOWW beloy in the
morphology section) made it nocnmq to Mtﬁ frp- a single list of pouiblc
features associated with each input word in the original PR!BRAMAR to
multiple feature Iists. Ea‘ch'”poulbl‘o' unm of 2 siofd. thén, is expressed as
a different feature list. To handie thess, a feu sinple changes tiere made in
PROGRAMAR. First, most functions no handle & 118t of features with an
implied and |inking the entries. Thus (NO'MASC SING) checks to ses |f some

teature |ist associated With 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 by ENDING, and then the part of .spasch. Endings. e acked by 2", o0
there is no chance. of confuning the ending »ES uith-the werd g§. --CThis. .
distinction is more for the benefit of the user, since the ENBING .index .is
enough to kesp the system on the right track.) Part of the information

associated uith >ES looks |ikes ‘ L gl e
(EEFD ﬁ? Emm ( ki R Con me ’ 3’,2:‘5‘,7:.’]‘
(MJN

e %m-mn

AD
(ADJe AT The e STRONG NEUT NOR SING)
~ (ADJe ATIRs. DEGL, STRONG. NEVE :ACC §ING))) .

S T I A A

‘There are tuo main routinu in norphologu, WT nd TﬁY
" 2.5.2 The Routine INPUT

INPUT is the Germsn squivalent of Winogred's morphology analyzer. [t
‘starts at the end of 8 word, nking mu:%?ncutougi}‘ #ll ending
pouibilitlu have bnn ‘tried. “With Gorijan”}in:oot imolv.d fn conpound
endings, for example ihen the promt partic‘fph 1o uebd’ u ‘an ld]ocﬂn. s

e TV et g tad

'+ ﬁ‘*“"ﬁ “In addi tion, ‘there are some

g

‘in yeranlassande fcauﬂnei - )
'pr-fixaa to conﬂdtr. ‘as Io thc cau uliﬁ & f tho put wiiclp?o. cnd ‘there

Y e
P S+ R ST g :

are also some infixes, i.e. "gj_ and zu, g in T
" dusgearbeitet (worked out) s aus + ge + acbeit’s ot =
anzuschauen (to look at) = an + zu + schauen
The lnput progras handles all’ rtgularlu ‘oecurring’ uerphofogicn‘f chmqu and
also takes care of soke non-standert uituai{om Tike tho‘i&dl’ﬂon of #n u-laut
to the verb ]_anm in ihird pcrcon llngulnr (M Cuu that aro mi

' handlod bg ﬂPUT'a ondlng anawzer appur dlroctw ln tho dictimu. " These

T T |
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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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neu. In the system, stars -donm“;lﬁf‘ornﬂonﬂwlwwﬂu‘ present In the |
. preceding feature |ist and unmerked features are siuply sdded. - As an wxsuple
of the watehing and compounding ‘done in MEAGE, tekd Eisgarsisec(iulng), which
is @ participlet
iicgr ‘(VERS IRR NVB)
~~ends (VERBa ' PRESP)
-es: (PART PRESPx SYRONG ‘NEUT NOM SING) -
(PART PRESPs STRONG NELT MCC SINGY . 1.
Matching on starred etements, and adding the’ wmm Information, e get:
(PART  FRESP STRONG: NEUT' W S%WM) SLE
(PART PRESP STRONG NEUT ACC SING IRR MVB)
These are simpiitied versions of the tuo !nt'ﬁi"iim‘f"’thﬂf'ﬁlwffbi *'luocllto&
with the word Lihgendes. A specisl sctith wes-takin herd'sy the routine TRY
" because we are dvaling uith' a m in part-ot spesth. *?»Fi“rr%u‘wm
‘cas®, the Featurs VERB sas rewovéd after PART hbe added, to pravent the part
_of“dpeech designtion frow betoming inb%m i the Hinwlteature sets.  This
 deletion Itdohebu ililphchock in TRY, sihoe & piirt ot epesch M
occurs in only & feu cases.
Eech caltof TRY by INFUT way add #nturt wete to the' mmuc festure

iist, so that in fact a word may be divided ih wevers! wsys. ~To keep' the
possibilities straight, a root list is also constructed, with an entry that

corresponds to each featurs set. . gt

2.5.4 Specisl Features of INPUT

1f INPUT 1e not successful with ite initiel ending ansiysis, 1t tooks
for a coupound word. - Compound Nords Spsee -frequent iy in Germeny: often uhere
Eng!ish would use 8 classifler plus & news, German uses:a ‘compounts 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



. that point us might just specify, aay, that An adingt!yn, had. bey
“permissible adjective snding (ADY W ~HALRC.. In RATR)08, She. Coun. greup, &

.. second morphofogical pass .c“wld‘ Fhack ta pes it the propased, adjective ..
~exhibited the correct cm& . gender, number %%s&}m raspect to, the
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vord, Thus if ue have "sinen alten Man® ("an gid man", dative cAss),, by the

time the ginew has been parsed we have gathered enough information About,alten
to limit it to tuo possibilities: elther (ADJ WEAK DAT sxm MASC) or (ADJ
WEAK DAT SING NEUT). Therefore, to 'olm M’@?W 2

etogric probiems,
He -ight dutinguiuh two lovolo of WF“”;@QIQ] W Jha higher level
features °°"'d bl“‘JW ina P!mmg}qim M ”&5 }m poasens. one, At
| 1‘ . fouad, yith @

determiners and other adjectives in the, mmﬂww%wm the
compjnator ice of sdjective, endings nesd aniy be tapkied, shen 18 ARRRSCS.

‘absplutely. necessary,  This spprosch would, ot be,diffigult to inplpmget, but
. It would involve considerabls sffort to convart the sxisting system to use it.

s

o 2 6 Thq onration aof. “me
‘ Ths intorprctlvo grammar operates on mng%m W&' m ;”tggp
Iists output bu th- norpholw rwtims. jt ﬁgon tp pork t,gﬁ cong!;ruct §_parse
trae. and at anu givcn tin tm grunr uul! bo fol!oatnl? pp,!g ons parsee.
1f suntactlc aubiguitcu lead the grammar astray, special backup rouitlnaa are
called to find the difflcu.ltu and set the grasmar onto another, hopefully more
successful, path. [t does not seem profitsbis tp @% gbomtnrppt_gixc
grmar in dotoll, ninco itp bohavior "%',9 o, ;Q ;!a;t of H!pog;pd's
Engliahlqrm A :upll parss may be fomp in Wix B,, nqd,rg
uiahmg furthor Inforntlon on the approach to gars)m o pcgngult Winograd
(39 chap.IS) and. for dctails. Rubin (32). ;i{l;&:\at seem to bo uorth

SO~ SE W0

dlacussing are the pucu uhers Gorlqt pr

s RO "“

gpochl éproblmmﬁ uhorg a
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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,
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since the control structure itself is. a uya‘y,_o‘f .hol¢ing onto.distinctions
within a routine. None of these mechanisas, houcvcrwqggmt;wtm R
distinguish, betuesn information that. h,g,i,ss sope.sanes. fragesntary snd
information on which further q-smom..m wmd. lu feagmentary or
partial lnforntion, I mgan. lnfornunn M gholm &hga Mxo bean nerroued,
but not fully decided. For example, the detinits acticie:den. |n. 8 noun group
is DATive, SiNGular.,,a,w sither MASCul ipe. or NEWTer.. !Mmm&ul to- kaou
that FEMinine has.besn sliminated. from.the. mmw ﬂa»»ponlbilltu. but
this is only pactial information, since ;&«ﬂnln point ;@mmm stil}. aves
dan s ambiguovs, A pareing system shouid WM49 doal uith this-partial
inforuation eas Iy, bath to depignate. the intormstion; jwﬁg@d 20-tail the
parser whers the partial inforpation je. ... . -
bargely in.response to.the gender-rumberresse. mimjsu Ao new

faci lities: weaddpd to PROCRAMMR: -FiX anebNONEX.: FiX gives.us Q‘wsof
hend} ing pertiel. inforgation befers 8 paresnade-ds copstructeds. - In . the:
‘Engliah version of PFKI;RN‘I‘IARI. fhe only way to specify the festures mequired
in 3 word is to use iﬁﬁut a. mMm& of - the: actund. famction eall..of PARSE.
- With FIX, . g_ai can blitimu possible wmn&: the: next:nord as the: rsievent
information is sncountered, For axampiy, (FIK - MASC SING) noves any festure
“sats that. are not-both HASC and SING: to She: back. of .thei Jist. -Biniieriy: e
‘can:sey (FIX OR MASC NEUT) , shich exiies. fsature aptaihst: are.not- either
MAS, or NEUT. Feature ests that Mvmm‘almm put: behing . 8- mprker
s0. $hat they are.no langsr-accessibia. tﬁ&&wmmm although it is

. easy to recover old pesaipilitiew mmm%m,mw.,wm a0y be-used

several times, then, te narrou.the: possibiHidien: bafere.PARSE Ie: finediy.
called.  One facilitu. that FIX. could have but soss: net.righti son-4s FIX-NOT, &
uay to disqualify fastuce sets that contain .the. fetare- 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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7 nounwg_rogp Llpqc:_ill.ipgﬁg”g}w_,Ig’_ip‘wnfgq&}pgmm uhm not koem the
9cnd§r or number of 3 pronoun until its referant.has beeo foupd, . (e may also
nc;t know t;m ﬁau, but tth ia hapdlod MW l@gm spe; the next .

section). NONEX ailous us to do the beat.ue cen_uith 8 proogun. maybe using
| ‘-ubjoct-vorb ,agresment to |imit. the possibliitiens Mhen.the ceferent le.
found, a process uaualiumtdommtihtboiqﬂﬂf“‘%«Mﬁ"ﬂ?i He can-glean.
up. thc pronoun nodo.: . o tr T § ame

Fxx and NONEX, th.n, ake |t easier tq,‘Mlcm;ylL, intarmation. .JThey

9o not, houever, really coue to grips.yith sose of .the desper.. prohlems At

.. Parsing uncertainty, uwhich gre discyseed.in.section Ze7ule . v o -ni

;i . " “ k3 - u »*
S PTIC L e SR RO
ERDS 8

2 6.3 Dquc.to of the Verb. R @ ie s el e
thlo the vmn verh in. gmllda I\motﬁ&nw m,mm An
G-rm this is much leag gq‘t.t'-n;;th-. CAM.. AS e, nentioned, Abgve, shenever
there s more than one verh, in A Whjor Gaue, kb biek the.ctinite sand. go- to
the end.  In addition, thuWN AFS ul-ongier . b8, &1 vervs
are at the and. Thus, ue fracuentiy tind eursuires. cnirening chieaime! the
vers Hith na inkling of uhat the main verb. iay.. 9, tUnther; cowplicate. the:
situation, the prkdo-gj ing of different ohjects mey. depand. oo shether one.er: both
of "‘"‘"“' pronouns, “tht Af proneyng. thay Ara.-. Tha-situstien:is
complex enough, 1 think, to force a factaring of the prabiem, .To this.end, I
have ude tuo distinctionn, ong of ygum,wn.mfulvmalnthmothor
aeua leu satwfulnm _. ; b i S S
Let us flr-t consider the mors wugj&l lmtgqﬁﬁh!hjoct pqulne Has
| duvided mto tuo passes, the VERB-OBJECTS roytine- s
JER-CHECK routine. jmmwﬂmﬂ noun
groups, prepnaition grouns, etc, and then. WORD-

- group, routme) and the_ HORD-OJ
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they are in the corrdct order. This diviston of 1aboF had ndthing to do with
efficiency or a visfon of “uiat people do.* ‘Tt iés Nerely an attempt to avoid
a rat’s nest of comsiex progribatrg.  TkNITy, the biiréﬁiforobmu and &

" cHeek off thetr word cralir Shotld W‘wiu bi ‘doié 'fn wallcf but the only
dFsadvartaye | con'see I the uay T Heve raitored’ the" BrobTem Is that 1€ Ilght

o take @ Fit¥ie [onger to rejeét & bed perdd En’ &wﬁﬂﬁg rounds.

A second sspect of the gramsar’s handling of objeécts is the design

_ decielon Nt the cask of & rioun grdup Te o Righer Tevel Tedture ‘than its
genders oF mumber.  THit fu, # [t Stiew ok, K0 AGun group Speciel fet sust
aluays be called with & casd specttiéa. My witiVation for dofng this uss that
at a given point in the pares, noun group case is often predictsble. This was
a bad decision, since if us meke the éill (P“m &) i"ﬂé‘ffthn “l;ia
WITT i 1, riever KROWTNY st Tt wroowd, < TAE dRemiitive 14t plraTt N6 to

| bE CaTied WItHOUT CHsE’ e FTowt fon S fo Heve Tt Yl iy ABun group,

. FEpOr ting beck WRCESE THIRt SPE-Firke TR Wil be"d reTitively simple
chamye: 16 KRV, ﬁww ot d- et IntE tHou Ié with poskTbl e inbfgult!u
betiseh nowinetive shd sccusitive’ e Fo et twguu? feminine
singitar, snd pldrdte. As Tt whlnd¥ riod, 1Y vibufl Yk aone’ exths mecheniise
to At thia, but e eHible-chenge 'fo affou negdtIve ikt Tication of & Barse
(ive. "perse mm ot & mﬁn hou ai-ouw uould be wfﬂclnnt.

Atlouing the nout grouy” TR TR T Woﬁﬁu‘ th e o et

dat hve niotin ‘grody rathier “Hilh ‘ad &8

" and several othor-.
routines; but it would not chbkigs th steubtlire oF VEREZ0B

Pt atandy nou, VERBSOBUECTS Is" ca 1ud-Both dheR the' &bin'vakb has bisn found
W19 uhen |t haw POT BN,  The' Poutind-worKe~ Fron"a shopping’ 11st found 1A the
register-PILTER. I the wain verb Nas been tound,” then FILTER Ts a 11t of

specification would Ilprovo the officim of

t¥s Bl'iiilu. "As
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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




51

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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offort. and | da. st fani et thay swimusly. suriet the gRneretity of the

growmer.. b ti~lewnl absdding: stnien: Mmen: comprahansion, and it is fair to

treat: any. enbediing: o Lihe- glammnts MgenS o 6irisin lave! as 8 pathological
Finably, kb obh alew Saide, there Ly Biikip. The routings used in’ the

not the Dest pessifis ene.  [nierdnti resibw Whe: retiered: to NI1I (187 for

an anaiysie of wmwc dasciiptive ot Wl icit beckup.® Wnile

the  backup rostines: in- the mmwm Fib thi need srose, they

-»:.mmmwmmmm memwmm

ow, 1s

spaciéic te- the.agsten. lts jsb mw &wwtmum ‘were

miatanenly pr NS A Seune. - & PROVFRE- WMt MNORY Aok e e TH tha systen
distinguished betuses upper and lmm lattars. (aince fioune e
| copktelized in Gemank. TANG-BMIEID: b tathed 1+ thuwlitn vert Ts persed
atter ite aljecte end |- thestranesbtieity poldfol 6114 of ‘thl vers do not
Netoh the objents Mum. This asuting-pipé-soler Hl the tres #nd sets the
paresd tut 4 shawe is s perticipieer 2 mﬁmmm@ o tound.  The
~ moutine mmmmwmmmmwmw thw dojects of
the varb. LEom, it pepe the.objacts, sstel okt peit st Ahe verb, and
nctmmm 4w e CLAUSE renting &Mhr iy The -tast Beckup
--apeciekiags in thess Gerwen Everted order ctauses ‘in
uhich the. finite s s the aain-verd. Sine the edbfict f0llcis the verd in
mmmm,m is Mathing te prevent & sBJSEL trow wosorblng
- praposition grouss s objudts e boiony e e Siluve. (The same. s trus

i
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of secondary-clauses, but this je handied. by, TRANS-BACKUP. ) - Sesantic checking
heips.some, but often it is:mot until the-perelr setustiy triee to parss;

-~ abjects that it discovers that nnthtmym.» -As-the:syeten.etands: nou,
@ subject noun group uill not mistakeniy.appropriste-# peeapesition group -(for
an explanation of this, ses the next sectienke bui if covld-pigk:-up @ verd
ohject, thinking the object uss.a.genitivg. :1¢ isqthe job.of SUBJ-BACKUP to
interceds it the sain verb.comes up. short. af mmmmu check to see
whether the subject i;,q,..,ﬁolsd;ng on ‘to morm:ghen-it: should. ..faigct probiens
With inverted order clauses uhose finite warb,is.not the:sain.verb are the

same as for secondary.clauses gnd sre.handied.by TRANG-BACKLP. .

i R

. 2,7 Problews snd:Quescvations ...
2.7.1 A Sticky Problem.and a Partial Solution.. .~ . .
One.difficulty uith using.backup for . natucel .jsngusge -paceing is that, at
any given point, it is not aluays clear Lhether backwp shouid be. initiated.
In this. saction 1 would lLika.to discuss.a;ppebien:whieh:qcscws in English, but
which appears in nuoh more florid fora in-German. . The -selut ion.proposed doﬁ
depend on backup, but it attempts to minimize the imtan&u where lncerrect
parses will remain undetscted. R AR TR N T
~ Conaider a secondary.glause from our-sseuple peragraphi.

Oa aber manche in der Tietaen Lebendsn Tinteetiache .in verechiedenen
bunten Farben ornnhlmdo Lcuehtorm buitzon. cos

........

" Buf since nnu dnpua duolling cmhalopodc pounu Ilght or-ganc that
ﬁhln. in V”Lm -h'mt c“‘to‘:‘ L T I e

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 I_an_f_mh; A progru parolng l!ong blindlu. houovcr. couid
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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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components on either side.sant to.claim it. Nith sows simple syntactic
information - the entry conditions for difteneat mgﬁaﬂnwo Ahey
may terminate - we could siiminate certain cutn on the prmnltlon group.

‘ ln the oxauplo sentence a simple q.ntactlc check is not onouw to docido

- whether the subject or the direct object should get the preposition; so ue

would have to depend on the fuller ouptoctic check of a parse attempt, uith
the ,gécupanging semantic checking. The backup code opuld‘ call for the two |
different parsings, which in effect uould aliou the sesantice progrems to
direct the parse. This schene is similar to one outl imd ‘bu Hoods for English
(48); the difference Is the heuristic that aseusss that modifiers belong to

the dolinmt clause uniess proven otheruiss.

2.7.2 Other Approachss to the Problem

Uhon l began writing the lnturprotln grammar, the quutlon I was asking
was how to adapt mnograd's approach to hmdllno Geraan, mu is not the
only wuay, howaver, to tranﬂm information Iln thnt in. mtulc granner
netiorks into @ parm-v In the time clna uinog-od's mtu appnrcd. there
h‘ai been some Inf.rnting work on English parsing, mt&lu that of Mertin (24)
and of Marcus (23). Martin's spprosch takes the form of & parser similer in

spirit to Hood's transition netuorke, but which aluays expands all possible

parses instead of attempting to choose the most |ikely one and backing up.
Martin contends that semantice will Iimit the number of possibilities at any
given point, so that combinatoric explosion is not mlm. Marcus proposes
a "uait and see" approach, uith dpcislond deieyed untii the necessary
information is in. The ability to deisy parsing decisions would be
particularily useful for German; it will therefore 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 =~ Ordening Conpent Mapkars. .
;3-.1 The Concaptual! Structwes. . . -

Considering |anguage as a "structuce mmw 40 convey mesning, " we
~ have discusesd the siructure pant to. soms: extent and:now. kil turn to the
question of wlm» By the mesning of. & mz mesn. the group of sntries in
the conceptual structure associated with that word. But this, of course,
means that we nou need definitiops: for “epiries® mé:"coucoptual structure.”
Another word for sntriss hece is concapte,: and. 13,18 &0 apen Auestion just how
cancepts should be ewhodied, SHAULA HE.eeSules. AroSaRTAs,. Inages, some
combination of thess, or something alse altogethen? Mm arganjzation
_.of the conceptual structure ba a net uith ne constnajnts. on, | lkege, or
highly structured hieranchy, or, again, somathing sise? Since.no copponent to
~do understanding has bean Lapiemanted hece, ay sasuers 1o..thess questions wil|
have just snough epsci fication to. activate other ehaleee Ahat must be made in
the syetem, e | ,

- For._the proposed deductive conponsnt, memning canbe defined in. terms of
certain symbols, data structures, -and programs. - Entries in the concaptual
structure are thmmmﬂmtm@h Q§thQrwlm A anguags lilio
Planner (18). or Coaniven .(25). - For thwmest part, -thess aresithar directly
or I'ndirac;ﬂﬁ sssociated »ith entities calies. poncept meckers. .. Hithin the
systen, the concept parkars are prinitives:  ssesrtiens in-the deductive dats
base. are buieli from. them and, as mentioned. theorame. are Seaociated with them.
It is oan to imagine another level In the systes uith; s8y, visusi images.
The concept markers weukd :then #0int 40 . these<inages;snd arosedures would be
availabie to do openations on them | ke igepection, mpdating: simple .
manipuiations |iks 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 thres. One commen type of relation is an event; events
aluays involve a spacific point or span of tine In sddition to their other
participants. Properties are relations ulth%wmm ‘Yhis te the enly
Hay that properties distinguish thenselives from: other relations, but tﬁo‘
distinction seems to be 8 useful one both conceptuaity:and for purposes of
implementation. Properties are used to»mibm/ondsmifg objects and
relations, as well as other propertiss. To represent this, the system has a
special relation (calied, not surprisingly, WMAVESPRGPERTY), uﬁi‘ch Finke -
properties with the concept nddifiod.

' Our three conccptual categories correspond: roughtu to the jobs of
different syntactic osructurus noun groups of ten. nur ‘to-objecte; clauses,
preposition groups, and some adjective :qranpo reprasent routlorm and ‘most
conplnont and attrlbuto adjective groups: npnmt mtin. Thio
- corrsspondsnce ohould not be teken to- hpla that objects, relstions and -
properties are deriveble from wntac_zlc‘u‘tmi‘u.} The -conceptusl: structure
is an inmt h\hl; in fact it ls not eurprising to see high level
semantic distinctions reflected in the syntax of at -Ml‘otfiﬁgﬂih and German,
ond probably aii languages. ‘ |

3.3  Seiection Restrictions
Considering the huge classes formed by classifying the world into
‘objects, properties snd relations, it seems |ikely that particutar slements
Will be more useful and accessible 1f the clssess are étructured in some way.
Since any choice of structure should be influenced by function, let us look at
the uay the system uill want to use information sbout the siorid. Basically,
there ars tuo kinds of activitiss thet we: uant happening in the system. One

is the uss 'of semantic selection restrictions to e!iminste incorrect
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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 film is plauiga tenight. . .1
_ (i1} Unter Lichtreiz splalen dis Chrowstophorsn. . .
 The chromatophores lay when, stinulated by. Hight..

For the ueanlng of the verb apislen ln (i) He might lmj@(u that the f!rlt
argunnt of the rolatlpn should be something. |ike. mmam-m:ssugmw.
i-e. a film, play, puppet shou, cabarst, stc, 1t uoylf.not.be yoreascosble to
wth semsntic markers for thess phenppens to by.classifieg vnder
Mi‘ﬁl'cn.-mééemmoﬂ. For (11), housver, it is hed ! to,pey whet the first
»lrcunnt might bo. : Thc llghto on 8 marquse cen play, ln thin senpe, the

( North-rn Lights can. chrmtopmrn, of course, do - aven qgundo can, . Tm
umfging charlctlriltic hqu seens to bc th,t thpu }hinﬂ forqn 8 _sysioem,

whose mdividual m. porforu thoir particulor ac;ivqty (fl”hQ owit a
lOUﬂd. wove otc.) in 0 lppanntlu {to the porcpivur) random order. This lv.

' obvtouslu not a oluplo chlractoriotic. lnd ptpggolu gg;c bgst‘ He can, do for a
ulccticn rntriction there is something very genersl Hu WTE. Since a
thing that is a megmcagwmxm would also be. g;ugmmundcr- ;
#COMZRETE, 1 ve are givon sentence._ (i), ulogtiqmrntmst;mo atone uill not
‘be able to tell us whether the fiim is ruoning ot tbl theater, or whather we
should expect to ses it fuohing on and off,. For this.reason, 8lthough the
salection restrictions in the system do ressmble the sementic markers of Fodor
~and Katz (6), they serve a diffarent purgose. .In thie systen, the selection
restrictions are not em;@d to gi-vq,a,‘t‘yltlgg‘gg_m;. .9f, aven_the major part,
of the meaning of auord 'Sont,hing‘,;q,o algp‘gg W sg!aqcuon rastriction will
not b e able tq r,apgga{‘pn,tt ,gu,a_gu,c cphqtg_gintg q;?to_'y!;l#h‘fgact.lqipmtg nay

take part in which relations with any degres of securacyr.-Hhat a salection




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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MRELATION

NEVENT  MENTAL-PROCESS WSTATIC-RELATION

Figure 3.1 . \

| MANNER-PROP | NSPATIAL namLLm WPERCEPTUAL
TIFICATION  WIDENTITY-INTEGRITY

- Figure 3.2
properties that snswer the questions "hou", “where" amd “when®.

HQUANTIFICATION deals uith extent, which js wither numbec, for objects, or
intensity, for relations. Jl(ENHW-lewm!mmﬂu like |

wholsness and uniqueness, whils #PERCEPTUAL desls with anu properties that cen

be detected by the senses. Note that this property clessification is not

exhaustive, but it doss give an ides of the orgsnization: of the tres. A

larger section of the tree uioé in the sysiem appesrs in Appendix C.

3.4 Structuring.the.Wor|d. for the Deduetive Component
Since the selaction restrictions.can provids. oniy negetive informetion,
We would also like a f,lw-:onlM check tav‘rtloetavtm. rest of the possible
interpretations. There should be ;mfwt:ln»crvit_mh. o&m&h.t;m can. begin
to knou that our choice makes senss.. For this we nsed the full pewer of &




“ .

deductive systen. The question:we #6¥ working on is heu the data base and
theorems of ‘the dwimctive systen-shautd v org@Teey. -For a start, the

Ll

LT R

MOREE  ATIGER #ANT.  #FISH #FRG  #OCTOPUS

AVERTEBRAYE

classifications uesd by the sglection restrictithe 1ook usetul. Note,
houaver, thet. in-om centent Figuce 3.3 #ight be'a usitul ciassifications
scheme for ohjecis. while another context ,.n.ldmt favor Figure 3.,.6. Even given
the same genersk centext, |.e: blology; Heucholopli chidistry, or the
supsrmerket, wangdifterent olossitioatery schibes are possible. ' Us uant more
than: just a singhe classlficetion schans for: the guntral data base, so 'the
- atructune. ussdiul 1. be 8 grows of trees. “Actustly, “stnce thi traes aré not
completely disjoint, we cen merge them inte- a-single ‘fi’!’fiéi*cfi‘ﬁétlﬁ‘i. Doing




this to the two classifications abave, we. would.get the classification shoun
in Figure 3.5. ‘ SRR

What does the hisrarchical structure gt the deductive dpta bass bug.us?
First, the uotl#ation for bivrarchu is ecanomy of .definition. M SOCTOPUS s
an HANIMAL which is a #LIVING-THING umtha- mr& Mhich makes it an
#OBJECT, Nlthout a hisrsrchical, atrucxuro, . mmmp apecifying, for .
example, that ©octapuses have sowe mechaniem of locomation.(property of being
an #ANIHAL). that they have.soms sort of cqncoductln -gg:u Aproperty of
being a ﬂLlVlM’S—TH"m. that they are p,rgoivqglo. Although gossitly aided by
instruments (CONCRETE), and that they tqntlt‘g!rmmﬂj procesees or




attrivutes (groperty of Seing an KBMETE. Ki| this weuld be associated with
MOCTOPUS, and wucls of the seme weuld heve to be dupiicated for WHORSE,
WSEAGUEE, @ the-sewti S¢ thom Rierarchy we get elineily of storage.
In thinking it the sgetew; ) nmnmwwnc 8 single context

Puiyy to ISNe e EH TduTtied IFNerevt TH adding to,
delwting frow, @ resrysnittng canuptial structukes,  Thess sre Intervsting
But wejor probtel; MEtuted e they ohe tb privEsess
hypothasi zing, ane eRT{1ing from one GBAIENT t6 Snether. A 'u‘orkt"n'g' '
tranetation systel wetid reinite rw OWW ﬂ eonow.rnlu grutor
frowint | 4y thar "t ohe oat] tned here. '

and & oiiEIe PERE

It should be mentioned in pasEE thet neither hiersrchical organization
nor werd deFini LIENE Thekelvis sutomitisally Tagly ditficuities with
border | 1N cowes. m tor indtence; Wt uﬁéﬂﬁm ror *living thing" is

sel f-reproduction ['f viruses reprituts '
are refuc:tiw te emtl thew. Fiwing fﬁm, M this s @ dilesna only if a

single defining progerty le ail that wﬂm@wum In tact, it ie

possibie to set up # group of borderiine categories Mmd by woprntc
mixtures of propiFties frow the nmf Min.
The Wisrarchitclit order sione, m.

wmtlm. since ue
would |ike to wmu to explicitiy rmmf ther Wﬂd relltionohips
betueen corcepty. The sddttions! structirés to be TAtFoduced will lead us to &
general graph strugtures wi th ne ﬁiﬂ-mm but the: presence of our-und’brluing
hierarchicsl structure uill cdistrain iﬁé‘j"mtrot the finished result. Since
the lexicon is going to be interacting rether sctively with the conceptual
structure, it mfm hetp to ldok 8t the ei tuation for words before any
additions to the structure are mads. |
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3.5 The Relgtion of Hords ;tg.;Comlth

Thers are several uays of Aapproaching. the problen of word definitions. A
word might be defined in terss.of & -clase sst:some numker: ot sttributes. This
sort of formulation is an oid one ~ “genve’-and *ditferentis® ane the
classical terms - and the standerd fors of adictionary definitian shous fhat
it is a familiar one: ﬁocvtopuofll;"mw&i onoup -0f a0 Huske having esoft,
saclike body, & large head uith & mouth mwmm.wnlw e
coversd with suckere,” Here, the phrase up 4o :'meliuske’ represents the. genus |
and then the djfferentise follou., As. Sheir aawe inphisn, the di féarant las
offer criteria for diﬂlmimim;ﬁa‘,@mﬂutqm M Mimuuhrmt
to the same conceptual class. A detfinition. |ike.this gould MM A 8
learning (i.e. non-static) structurs, and it presupposes a8 top-doun icurning.
process., The genus is assumad.Kknoun snd the differentiss give distinguishing
.. characteristice for ths neu node that umc Hn sctual practice, the
differentise may be used te.pick out & 00nceptshich ke.aiready nown - In
‘this cau both genue and differentiss are knoune:sad the problen is mersly
ls@rning a neu uord for an already familisr .goscept.) .\ =

This genus-differentia typa of definitienmight-heva ite place in e
system with learning capsbilitiss, although It would Nedbe & fundements!
place, since a simple toprdowun process can not adequate by model: a good part of
the learning that. ue ses.psopls. daing. - Sinae.. houswen, J & not. considering
issues of learning at all, definitions. uill take a ditiarent. form. The .
knowledge data base is assumed.to be static .inthe senes thet for the words
defined one or more nodes (i.e.; concept markers! ars:misiys preseitt in the
conceptual structure. Furthermgrs, -the differentise <« those burtiss of
information that distinguish .a concept -fros ether mesisers of |ts ciass - are
also presumed to bs in tha dats base alrsady. Therefors, :a word can be most -
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easi ly defined by rafarenge: to the cengmpt node or nodes it represents, and so
wards ooy, in-&: MW'NM*W Sotiie: soncepiull “structurs. Since the
" system 8lveety hamin-abeut: the contepte Wtd 8 the réstricted number
of uords. i+ sRooumiere,. no:conceptusl W&Iw Mww to'be neceseery.

T gk S B Ware oa. e PQBICENT <1t Ml mpriil Masow et Lords
are arderad-witi-rasment e thiommpiual: sivuttdre,  Mpfe, hoiver, that not
all concaptusl. diebinctisne meed-be-refiocied -Iasbcakiyy: that s, sowe concept
mackere. wight: awems werds definet-fae them. Thie MKev-senes It You think
Of Seneory- imprensiner  reti o). lsngtege; voreth i Wl nét bugin to |
BDDrox NS -t T oF di4terant -aieies of oM et ok b ummm;ma
and: rumpmIRr 6dh, e Yhik- Pum aﬁmw& ‘toaton,

36 Fleloe
With uords: Wv-miaoe, it 1e:tine te/ge Sioh to-an. unsofved probiew. The
 conoeptust-steutituse: dieirages ol feni¥lew She-dFHardiced hetussr nesbers. of
a cless, but mm Ao-uag-GF Drdening aPLNNE ‘the isset's of & Eingle class |
or members of dlﬂgtmiﬁmomtmm: N 'phenongrion | ike: ward
contmm mmtﬁmw mn ‘thie: fe-nesied. | One Wivo is to
order the desc ','_wf!eowtm Bt Hm%mcﬂtwim s
redevant, bookkasping: couid becowe mng A of ‘coursé, this does not
_aven sddrese. W sletier- probias-of OFUeFing nodas ol different: cissess.
The splution provesad 1o te introugtion.of & Linguietic #afd.. The term
“linguistic flabd®dmnet news for & discussioniat Fte Histdry, ses Robine
€31,.p.8k0s. O the-bania of-uhat us-hewe devefoped:eo far, the fisid should
be an ordesing. ot sbjeet, relation, or. wm sohoepts: usitg & WW as a
,cmtammu We: do not.uant: to think ot a: t1ddumw uurdw. since the

ordsr ing hers: is. ssssantic and: M«ﬂﬁi&twam sholiid not destl: with: the
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words themselves.

To rapresent word contrasts, we could uss + and « at the extreme ends of
- @ field. One special sort of tuo member fisid.reprasents the.case where the
elements exhaust the domain of the fisld’s propecty, for exswple: the cass of
negatives. (Thers nesd.not be any middis ground between "big” and *not big",
where the criterion of size applies.) Anteoyss:prasent an interesting

. situation. Take, for example, "gocd' anl "bad" . -;;._~m~;.;m~in.th' next few
sections, | Will use English -xm!umnwatmwumumacw sesm to be
independent of the |anguage invelvod.);‘ﬂat -Heople vowld .calt “good” and "bad"
opposites, and so their associated concept marhers are-alioted 8 tua~member
fiald along a property |ike MIORTH. . But ubat happans.sihen e expand the
context to include "great®, 'mplylmt?, kmz,_‘m';ggqm reepect to these,
"good" and "had" undergo.a subtle shift. in mesning mg&m mlomor the
absolutes for which we ganstructed the -tuo-member..tisid, . Such word pairs can
be called polysystemic. Ws therefors nead one.or mors additional- fisids for
the different frames of refarsnce, m the proosss &f;hhnmtjnc ] word may
~entail docidihg,mich,fl;l,d is ralevant for the partiouier usags. The
implementation details for fisids ssem to depend on the way knowledge uill 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 haycbqqn ;dqucrgihing. synonymi ty
can be defined as the relation that holds betusen. uords that. share the same
associated concept marker. Given a sst af synehyms,: the-pressat structure can
therefore repressent their similaritys the next step is:te look into ways to
represent their differences. The first question to ssk is whether there exist

any pairs of words that are interchangeable in every case. Consider, for
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exampia, the words mm gat. TFest these are aynongwe is -exhiblted by
the:fact thet .a-panken noutd Be-wiiling 40 -ves-gither ¢o" ‘dénote the otandard

furry .anbenl wibh: daur hegs and UhFekers: | FRLIGE, ‘hanever, I8 a wore furnl

word Snd ane MoNe LSS would tend: Lo be m&elﬁl% ecl‘hnﬂf fc or postic
| wrs i thé timilier

oihenal w8e would uant ‘to call
donotation the semmpia) newmingof 4 veri ~ Wt & have been tatking ‘sbout
80 A8r ~ 400 COMAtEtion the Prefonsncs Sesoctetel Uil the use of the ’tk;rd
iteelf. Connetatien tells us Sbout -Hee Snie B¢ pifdnente  which a vord is
neing used and glves Antoraetion aheut e g ties forwal or

osivibits such soNmmly in other Srens MW Witan 1 thcimion see Frey
compiately squivatent, e have 8 pelr oF sords - Gt nd fxiing - that seem
virtual ly btergetgesdie with respect to denotation.” The snmo ‘comes,
of -cotiren, ut Ahe devel of connotetisn, Snd 1t seews ¥hat this will be' the

To get this meu connotatisn information into the mode!, we ihtroduco
anothar aprt of fisid, Fhis fMdet&IW uerds and orders thlla
along preperties 1ike forwality, technicality, ate. The deflhitions in the
systen uss only bikery properties, 1.6, +- formsl, s-techrical) ste. 1n
_another -system thit denle with 8 wider cantext Al hak W Ficher votsbulary, 1
‘suspect thet one would uent greater eiprussive fresidom than is given by binary
categories. '
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3.8 Choosing Concept Markers
~ In the chapter so far, we Mv- macunm the, w@n«m nrkm ohould

id be ghosen, In
fact, it is pot at all cisar uhat a ant of mtlc parkers should Jook |ike,

be ordered, but thers has bsen no indication of how they of

nl g ot

bullt from concapt markers are of central imgortance in fhe aysten, -eo
although the folleuing discussion gets. shead of the mpasition, ] think it is
important to. stop and. consider soms of the, iasuss Inypived.in choasing concept

v

markers. . R S

pt niLl construct & samantic
reprasentation. This uil) be bullt from concapt macksrs supplled by word
datinitions and the samsntic specisiist routines themesl vas,. . Aftar a spmantic
. rapressntation has been constructed for 4 santence, .Lis cowp

markers Will b used tq call deductive roytings %Mt&d uith them, It is
the job of ths deductive component to pick ths most lM‘UR‘P’Mt“‘m and
ship it over to the generator. The generatar, in turp W)l uae the unntic ~
. ropranntnt ion tg produco Engl ish, .and, for thia, .tha ﬁgmlisn,alntigmru is
ordersd sg that uorqg arq sseos|pted #g;_h,'

R

,_.3;&&!@!‘&5;!95@ graups of

semantic markers. The concept mk«utm have a fourfald ,rgl'ps in source
| language definitions, in target |anguage ,,,gof.j:n;u:qggf JAp the semantic
_ reprasentation, and in the deductive data base. (A clossr |ook At a fifth
role, that of sslegtion restrictions, is. deferrad until the pext saction.)

Given the various roles played by the sementic mackers, .Ist us consider
.the choice of a digtionary definjtion for the German yesh prechsn ("to. ..
break”), as used in the example: . R
Fl"ltl bragh das Fenster. / Fritz broke the mindou..

First, ue.could use.a specisl semantic merker #BREAK uith aa.gmd
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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-souid invoive associating pieces
of the v-uamic rapresentation, instead 'qi -)ugt‘:@.-;.n;gggcg,‘}mmr._ with words.
Thi s.is. a pattern matching. prom,q% that, p&xmgggaw of words, could
sion doun. the ganeration,process. intalerably. (at. lese}, giyan cuprent mesary
architecture). In addition, note that the (MCAUSE XK. (RECONE Y, ABROKEN)) .
repreasntation offers ne cm,c;ggdymm! for. wm;gw:pcﬁdmti" date
‘bass. The kernel of meaning. asaecisted uith. JCAUSE: say: 9% vary. from ane
situation to anether, but, as the; participents change, .t!'!,mtdcc;fgfztbﬂw
cau;al ‘relation mey, 88 well, For mmmgwmﬂ in SJay. broke
the.mirror™ with:the: causality inyelved ia FEemin M-;.scb popsorn. " The
actions auo.ciltod with causing brukag' are hittivng. drop‘plng, stc. .Jo.gause
corp to.pop, on the other: hand, involves.putting: & pag.of it aver soms heat

. source,. What [ am trying to get at hers is thet with.a lou jevel . . -
repressntation,. information used: in:deduction stild-meulg have. te: be. - ..
asapciated with cosblpations of concepls, i.e, higher lgvsls, . .

. -Because of the considerations mantioned,. jn the, sysiams. essantic. markers
ars chasen g, the union of differant, yord Beundacisse 11.50mthipg con heve
tha ditferent isxical reprssentations in Gecsan ggdn English fexciusive, of
* connotation differances, that.is),. the loner Jeval.repressniation is chossn.
For axample, kannen and winasn L'to know). wind.up. with the tuo semantic. .
Wind) get the tuo markers #GALE and MIND. Hith this mert.of organizatian,

the dndur;ti!& component _1s given basically a sslsctiys role, sng only adds to
_the semantic representation.it is.given by tilling in.pentein siots left open
by the ssmantic specialist routines. The aemantis, represantations, ganecated
__from thess sepantic markers hays no clein.at all 1o langusge .indepsndence
the Ioss in generslity Is compansated for Lufanter, genecation.
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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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Where possible, werd dstinttion gRss Hive baen stenderdized, so that the
individus! sord pracetures e e wesd desoriptively ws vel) #s isperatively.
That s, the defimitions obn /e Sxiiingd sy the sssahtic component, uhich can
then take any appropriate sctions defore exebdting the procedurs. A mechanisa
i w0 Ao W £ NS il NS 4 oFler iy Sahion (the
FRBORD movior; 908 SUction 4:7.10.  The wasentic SRigorent Son edd &

S return to wid tHe Srguaents BT the Tetetier

ke e bwnd d, end then

“Trie chapiter it m*ﬂﬁm*mk‘ﬂmn, mit 1t actual ty
does ot Degin to WSt The Teedes Sie .“2 daals with the

" wamy word detinitiens s ‘ussd to wulse’ e elentt :e
eCtion 674 o sowbeny iiver com

e

s i el wmﬁi.ﬁ. ‘Not @11 words
réctiy, aid this is considered in
section 4.8, Bectivn ¥.7 distosses’ % M oaiiss spacial ‘sctions in the
systen, While nettiom 4.0 aii %8 Hundts the' Wiation of tdioms and
worsference, rewiitivety. Fivelly, Métion /3 Bistisses the nmm.uon
 of thematic infommtion, and section 4.18 treats SHIVEIE Tl

“The ‘sctuai

4.1.2  The Representation

e sonantic represenistion s oeretructild from Wiree sorts of
P38, reepevtivelyl. These oolptments rs Biktiss Of Tritorust or, it their
A iriege: retiocts Hterruletiondhiss uiNIn o werience. - Ih jgenersl, @ semdntic
representation is @ Wtuork Tathir thow atres. By Ui freient fating betueen
tuo worde f 1 inkage, Nowsver, e can Wineygs ind #h undeFlging ‘tree Btructure
in @ wel|-forwed sentence. A saupis representation s shown ‘In Apbendix D,

3
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¥

ping iy it JW the way it does.
poantations of. the

and. I uill opend most of this

The diagrams. that will appesr below q‘!@%ﬂi]y

sepantic repressntation, since tha output af. mm&l conpor
more information than.is chom. An. MM%WHWJMRI‘HG\ 19 hung
‘on the LISP property liat of. shecial stows produges: farthe occaslon.

- A 9”"?“"‘; should be raised hera as mmﬂ:%i 8 sompntic
representation should rspresent.. ~hhile Jm nat replly. ansver Ahig until the
od In mors, M%‘»’w int. mg; just. distinguish

_qod themasic.

TN

semantic coupgnmthanm discus

tuo levels of semantic ‘"f“'&“ﬂ!"""'f‘”!’ progesition

levels. Basically the propositional lsval i related to uhat, ip apid, the
thematic level to the way it is said. Tﬁctmti&,!mgml%uj th questions
Iike uhat Infornation is inportant in @ sentence, what the wmm-h-- to
. onveu. Tand thn umtlma ho hn m% t{gt ,!'}QW,” W]&M

. unantnc ropnuntqum qu horo is Agl}g;umaﬁ gwiyo@l. m.tgpp;;tlic
inforntlon. and | will come back to tl’g‘mtlm of. lg'pt F mup
,roprountation muld look liko b:lou. :

4.1,3 Building tho Semantic R-pnmmlm o

The semantic component, Like Gaul, has nyn. FEW the semantic
specialist routines (SMSPEC), the semantic utility routines (SIMTIL), and the
dictionary definitions. The actysl uiiding of, the raprasentation. is done by
#-*ﬁ SIUTIL routines, and for much of. the sesantic repressniation it is the
dict ionary definitions which make the calle to SIUTIL, . The dictionscy
definitions, in turn, ars MMM#MJ& han.sat all. the .
necessary cal ling parswaters, . It ia the SHSPEC routines that ars. actually
called by the grammer, and many ot these routings correspond o graseatical
constituents: there are SICLAUSE, SIPAEPG,. and SHADJG.. .. Ihe. noun geayp, on the .




other hand, has 8 sarish ©f weintic Wtﬁﬂa, SNGL thebugh m For a
simple noun grou, SIIGL 1 cirifed &b Youiv as ¥H6 watn noln his been found.
and it evaiutes By Pronowing! wedifieis SEr-ting With those cictast to the
noun.  Control” them returny mmwﬁ tonponeitt 1o wuw
qualitiors, smd Toih SINS2 1ieks mmm T v Wouh. 2 s aiso
resporaivis for svatusting nmm
_entire moun group hes bewn parae. ﬁmm@ for raferents to bther parts
of the text It thw aour group s detiAIte. ALEG part of T noun growp
package is SHCOMMEMD, hich wuw WpcURd oune Bt are not In the
dictiofary but () osapohent iseants are. fﬂ&m. W and sm:z

g :3_.

......

mummmnm
Note that thers is no sepirete seasntic minﬂa ‘for verbs. All the
utimmmww,‘m”m“

e

£ routine. ay'm.
wodi fiars have all
been paresd. (TRig in true wisugh as ‘fur ds Tt goss, but not completely true
- see section #.7.1.1 SHCLAUSE bindé the Felation spec!

ifled by the verd to
its participents tewbject + verb objects), then h&nﬂn m modi fiers to this
 relation. This wwis process 1s rather SiBbordts %"’ﬂ'kﬁa. and the
discuseion leter wr uﬂ! ‘shied ‘sohe in e ﬁm W inﬂ’rﬁtﬁm m
has to process. ’ AR
Clheravir the sekshtic Mﬁiﬁc #ve calted Tn the | wu. thelr gomrll
‘role iv t6 be w&- OF hay- digers. Sensver & 'sellintic ru:mon. sdy the
definttion of & verd, I8 bound, chedk i aide UsFhl the weTection

. T ot ey tln n -
represantaition muwﬁ fo¢ the éwction paruidd, ten mm roturm
taitore 4o sgntax. In the qmu as 1 whtitils nol, SINENLICE never touches
the pares’ tree smcept 16 get inforbation trer it, aﬂw the ufrimplewented |
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ideas in section 2.7.1 would invoive a more sctive semantics.

4.2 Lexical Semantic Structures i
4, 2 1 The Standcrd Dofinltiom

To get a better idea of the, uay . mglc rmmmqon is built wp,

let us take a bottom-up spproach snd start yith sxemnies of the thres etendard
definition types.

(DEFD  ELEDONE
SEMANTICS (
(NOUN (0BJECT CONCEPT: AELEDONE
mm[r’{tlm; +SCIENTIFIC
LABEL: D1)1)

SE,"*N"CS s
C (VRS WRELATION

CONCEPT: #GO-BEFORE-IN-TIIE
TYPE: NONE  OROER: LEXPASS
| ARGS: 2 LABEL: D2 1))
(DEFD BLAU
" SEMANTICS ( o
(A (mgmim
| CONNOTATIONS: . +COMIDN,.

The '-anan?iﬁ é?"n'ﬂwi- here hm',‘"_",fv,!,'w,oq,p'r!!!!,?,_ :

The S.Icctor: _ | | - o )

The first entry in any nuntlc doﬂnltlon Is L qptlctm fgltur-, which need
not necessarily be the part of spesch, any distinguishing. festure will do.
The syntactic features that were chomln the_course of the pares can thus be.

used to eliminate semantic pggﬁg‘!bigﬁltkin by vatch lm;%&ngt thoﬂratontru

in each semantic definition. For example, if achw
noun, there 18 no need to consider ite weanings 8 @ yerv. 1f were than s

single featurs is needed to discriminate petwesn deflnitions, then 8 |iat of
features may he yud. In addition, if more then one syntactic festure list

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




prefised by EFTHEN ey by wevd.

The Routine Nuwer

OBJECT, RELATION , and PROPERTY routines sfs part of SMUTIL, and builid uss.
oS mmm Wm W ot OF e intard

keysordse:

CONCEPT:
Thls Is the seweritid werker oesd in mm uim ssluntis representation.
It is a part of the curcept o«wm me mim chapter.

TYPE: . (retatioms onig)

This specifies the relution of ibl Lo, d oo
Tupes sre ONE, TND, THAEE, NONE, TSHIERE, o
senantic arguments mey be left W in the surface ropnuMction. For

becto M semdntic ones.

we Ond they tell which of the

example, ue wey onpuiet curtain relations to ﬁin - M*umt melfud at
the sewantic tevet. The relstion. mr. then, would have thres arguuntu
actor, patient shd Fistroment. Tnv the: dintence "Kakl sttt das Warst mit
sinew fhuur" *Kert cut the uﬁm wnﬁchtﬁ‘) thu Mtﬂltm used for
unw.ma B HREF 1 SENATEE Bile Harat™ ORI cut the m"! a
dotini tion &F tupe TIREE nold be used, since the third srgument -
insteuliont - I Tebt Ondiretded, Stmﬂ:g; “Ein Medber “schni ¢ a..‘w.m-
(*A kiife tut the SiGENge™) m T mmﬁm of m oRe, omst the dctor is
left Uvithirgtood, ' \ SRR . ‘ .

R . b e T T AR e



(ORDER: ~(relations only)

This i: anothor way to mupply information fon;gtm m. ll‘mh to

spmantic ones. QOrder is. uch for_wprd paice L;gm‘m~m<m..»in
German yorgahen and folosp.  He want thasy pairs ta mep into A single sspentic
_marker, and to do thic, one of the paire.is Laballed pe . lpdc{u; active

. (LEXACU ~and the other as lexically pagsive (LENPASSL,, Jihen orger u-wms
a5 in the example relation shave, than uhat, She S en | aps e an. subject
(in an active santence) becomes the segond sroument.of the semsntic ralation.
The deciaion sbout shich word s the lexically active gne and which the

' passive one is arbitrary.

PRI NPT L A

ARGS: (relatiom onlu) aEeE & L
_the. ramber. af
argunnta a relaﬂon, taku ) given | ito nams (Wﬁf%‘mﬁw length of its

associated rutru:tiom Hot). AH'SS s apacitisd in the definition snuusy,
‘houovor. partly for efficiency reasons, and partiy to help me keep track of

'This io rodundmt lnforution. since ue can Muwg re

EEx A v

things when uriting the dictionary definitions. . ... - ...
Jt:grmnnms: ; | e |
This holds the cmtaglm mfomatjon nntl{gpqt in mUm}.?. which is
expected to be in binary form (+slang, secientific. ~techapRi. etc.).  Right
nou, this mforntton in optional, snd it 1e.ngt yesd by, Jhe oysten yntil.

goncrat ion.

g

If a word has more than one samantic definition, each is given. & Asbel. These
‘are used for srror wessages and cross-ratersacing with ather. information.




The systew N6¥ & group of funbtiohi: that ami“imnuon out u‘f""um:‘"“‘" tic
defin

T aNOUNYS to Fe the $6T1Hty to’ ues dEidi¥Tode tively us et
iperatively: THid stilteiny Wfﬁww me. cim sone
AT Pt tion wili-dhiire. aré ot Gued mm o “this ’uﬁ id ﬁ‘&r mmntlon.
hosiver, &6 thEYTE b¥ fatr uww ‘whé WW- d‘i‘ﬂniﬂom mn

I 3
ST L BN ‘

descriptively and proceduraily. |
Antether sort 6# information that should be in the aﬁnitimo. but s not

no, I8 & wessurs of pleusibiiity, Thiw could tend 6 Tire of & nuwber that

speL1 F16Y tHe prodisrIT ey it ooeie f‘c"*w‘ -gfvm That the word

wewd hers bécmiss of time Iinitations. S

I
ol 13

4.2.2 Other Definition Types ‘

In addition to the three stahterd detinition types, thﬁn are several
other dictionary functiohe: SPECIAL, SINOMINALIZE, and GREL-PARY. :\ﬂtl&
de’t Frittion typd T inked foi Felations it do not It existing detinition
- thpews A’ SPECTRL We¥imt1on Tust haw & el * FoutiAb’ sasbe lated wi'th 1€,
This sort OF fieden T relil 1y vatuste Yob Wicth Eions)' c¥oes i Tke um to
be"), but it hes bedn used sparingly eisewhers in the wystem. Dften, a
definition will start cut as SPECIAL, but then another word m. it will tome

along. and mntutﬂv e have a clase, warrenting its own function tgpc.
SPNOMINALTZE Ts ‘s-definition Wdﬁﬁ 6 Verdis Fanksnitt. Just as
e have: cliluses serving se: FeAkiNTY tee hoon grobiF CTeh Tia1s nicht, udrum er
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hier ist.” / " don't knew uhy he is hece."), Ahere sre 8iso:relations: that
may be represented WM‘%ﬂlmm 3444 Atmoochuer; ¥ ./ -"He -has‘ trouble
Atandiog."). In bath Geenen and.Engl ish, amy verd: intinltive smy-be'a -
rankshifted noun, and there are also words |ike "der Aufetand” ("the
uprising®) whase semantic definitions. sne. basiestiy relations rather then
objacts. In the .spmantic. repcessniation we.-uant mﬁt‘cm Su.relations;
but, since the syntex is a noun growp, :spesial stienesave:te be teken. (for
example, to handle time). mxmxzé. thens: Jeresponsinin for .eme 5t this
action directly and also acts »sas‘gm&:&?twtmmhlu.»rqutlml that
special treatment is in order.

SHREL-PART handles nouns that nawe a participant in a relation. : For
. axample, the word Zaichen ("indication")..:can-be detingd e ‘something thet is
acting s the first acgusnt for. the.ralation SINBIGATE. %, The SIREL-PART -for

Zalichan, then, builds up 8 piage of reprasentation thet ey iteelt he -
represented by Fig. 4.1. | .

RSS
HINDICATE

META
NSOMETHING

The #SONETHING and, MINGPEC .here. sre marked JETA Saceuse they are meta-.
_concepts, or, concept wr iables.  Tha MINGPEG.marker, 4for: "unepeci find” ~ see
section 4.7.2 below) would probabtum he. usad heea, since. the :information
‘would be given somewhere in the noun group, as it is in our ssmple text ("Ein

deut!ich sichtbares Zeichen fOr dis ... Ercagunosn” / "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 list of the participants in a relation, and it represents. half of
the explicit linkage that holds the semantic representation together.

MODIF]ERS= , . o

,AAnothqr mechanisa. for anlnq, thio thn&tlc n!‘tnt,l,r; binds, 055, RSS and PSS
components to their modifying relations. While LINKAGE yumnrm 8 tree
structure, uhon valuas from MODIFIERS are added in we can get a general -
netuork structure. A semantic node uith nodllfylng relations is géllﬂ the

"head® of these relations.

CASE=

CASE is set to a concept marker that is found shove the CONCEPT.on the
selection restriction tree and diagjmujmmamw 48g. . Jhis is
rcdundan; information, since the case ‘Io sluays dorivabl. from the concept
marker. It is useful informstion to have around, however, especisidy for the
deductive component, _CASE is ast oniy for m'&m RSS°s that act as
wodifiers, that is, thoss which are connacted to the. samsntic repressntation
by MODIFIERS |inkage. Suple cases are. ?AILN.; TEPORAL,,; and. MANNER. .

use of the term "cass" for this ssmantic featurs may be misieading, and it is

discussed in more datail in section 4.10.

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:. inte the representation

anyway 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 DESCRIBE. . Sse.segtion. 4.9.3 for further

discussion.

CLAUSE-TYPE= |
This is set to COMWAND, OUESTION, STATEMENT, or SUBOROINATE. See section

4.9.3 for an oxplmtipn,

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

PARALLELS=
This is used in rnpnmting.a variaty of corsferencs. See section 4.8 for

details.

4.4 Non-Lexical Entries in the Semantic Representation
The word definitions discussed sbave fors sn importent part of the
- semantic representation. Not all entries in the wcimtatlon, however, are
formed by words - some entries roprountrelat?ogo i,;plicit in the syntax of
the sentence. Sowe examples of tp,!lg,zuill be discussed here - e.g. the
postnominal genitive, adjectives that modify nouns, snd.compound nouns. These
1ive, bup they gives.
representative indication of the issuss invalveds UWherever there is.an.

-are closely-related cases and by no means e

implicit relation, it is the SUSPEC roytines. that. supply it.and make the call
to SMUTIL.

S BN PR




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._ ®.g.1

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

©Y R egoemoon el Syh - s -

cr'oatlon_ + crutor _

der Stadt meiner Geburt = the city of my birth
R R D S s Sp
aspect of a rolqtjon + rolatioml noun

das Geschichts weines Labsns = the story of my life
‘accqéf:\t + suéi'{:t lattqr D &
Then are many such rolouono that can be wtougwing :ho 'ggnltlvc. but
the ponubilltiu hor-o gre not coupl»-tﬁ;}‘opovn For ;nﬁ:;lc;

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 & miﬁm fwfi on) to explicitiy express the
spatial relationship. - Thus, if !hc mmber-of nhﬂom that are implicit in
‘the genitive is bomdut, s | beiieve to be--the-ceee;- ﬂu,kn sense to talk
about producinq mﬂt representations for W!ﬁmmt possibilities. Some
of the possibilities are in fact comtructod by tm mtu. using selection
restrnctions as a flltor to block tho blatmtly lmoibl. coublmtiono. The
naxt step io to take a clour Iook at ft;v;n nuntlc rtpruéntntiom uoing the
deductive connonant: but Iet us Hrat fininh up tt}.wdiaczyuion of hou to build

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




betisen them.

Another exsmpie of & semantic relation thiit u inpiied by a grawmatical

,w_w« ® gt

structure is mw.ﬂww m ww w uwn o wmt w- e
relation or mtw mwtg. “for that mwa Is aﬁtm - m OPER

relation. Thus, “der kurzeichtipe Wissenachattior® (the n‘urstgrié.a "
scientist®) would be roprtsontdd By F%nuri LoD The !HRVEaPHUPEﬁ?Y relation
is special, In thEt the sslection mm«tm for ite tiret -gamt Ts found
associated uith its second. In the sxapie, the restriction ALIVING-THING is
associated uith mrmm s0 wr sciontiet woutd puss the test. Instead
of conventional ﬁiwﬂml rntrietlcm. ttnrtffo;:;. mmw hes a
procedure, which i latouattcll%u exstuted by tﬂi ri%!rictlon chocklnu
proeddun Th- rﬁtricﬂon code for MAVE-PASPERTY Fotr levas the ulcctlon
reutrictlon frou its ucuml rgﬂﬁmtg;mg;w; ttméio&i;fwu tho M ‘on Itn

T e b

first,

Ry F Lo
SR o ¥ i
s

Figuro I
One mun I Houn wodi f ier npc-omtmon should be mentioned here. m
Gornn. as in Emihh. ad]ocﬂvu mbc :to&id w i}: fron‘t ‘of houns in tuo
'uaw serially or in paralhl. The purai tel mmn Is the one that often has

e

a comwa "die kleine, lebhatts Eum' (*the suail. active sledone®). The




0ss2 - -
VARIABLE: X1
WT:I e

0ss1.
VARIABLE: X1

CONCEPT: MW -

repressntation for this is straightforuerd, se ohews-in Figure 4.8 S@ul
adjective Iists, on the other hand, poss probdess. of:rapneseniation, 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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1 should ndto that only the simpiest sort pg.quct@i;vgl ore currently
handled by the semantic component. - For- an ansiysin.of sone of the
complexities involved in English adjectives, ses Veodigr. (36),

- 4,4.3 Compound Nouns ‘ : I
. The Gernan compound noun ln nften Aransinted by a classifjer. plummm in
English (for mu, "dis me '/ "the tire. departeent’). - Among the

relations that occur betusan the parts of Lermen oo s are relations

: diocuand for the genitive and simple noun modifisng, a0, t%;;numtqtlon
described in the last tue sections is alge spplicebla here. Hith compounds,
ne also get relations tmtcmldbcogpc”mmlngmum, such. gss
die Gppu,i;ﬂgfnl = Stiefel aye.Gomml . . ..,
rubber boots (materisl of)
die Trinkgldser = Glliser zum, Trinken
drinking glasses  (use or functienof) ..
die Todesanzeige = sine A,.nzo;gs}m des. Jodes
death notice, obitusry.(occasion oft
dia Seersise = sins Reise suf der Ses |
sea voyags (plses.of)l. . . = . ..

Eapeciaillg uith the more common implicit rejations, we wouid like to be
able to handle compounds that ars not. intMﬁlctimquuthto ane.
The system does this in the routine S LND. . In.p precpduce.analogous to
that for genitives, the ssmantice of the. comppnent. yords. are.bound to a-group

s s it

of possible relations, sajsctﬁioﬁre,qciggtw}mpﬁ&;‘m.‘,q,f_,,gouru‘.‘ The

representation produced looks either |ike tha output of the mgtlvq‘pwtim
or like repressntations of other noun modifisrs.. This approsch is desirable
becauss the representation resesbles thoss, bullt for similac. atructures, the




,M«;sjﬁ.ﬁ;‘@ﬁeﬁpﬂ

dictionary I8 not Hesded «ith-redundert deFinitions, ard the system is sble to
cope with nen compounds 1t hes not seen bisforse.

The draubeek ot Ueing ‘the ‘sewsntic coupdnent tossupply iwplicit relations
from a built-in sat is that the range of relations :»‘mizbvl:a bctmﬁ the
‘compound’s va o muth ubder than dhe renge o rélat tone For either
genitives or wimpte notm weditters, ‘| sdepset thet 1t te. wi open set, and
‘this would mean thist certain werd paire-coold Neve WipHETt rétations ‘that are
completely idiosgneretic. 1f'a memmm%mmm. it
obvious1y ‘Hoes not beteng In SICIPOMND.  Thfs Wesss“to-de the plece for a
dictiohary definttich, ‘end tn féct the SMECHL definition faciiity in the

‘systen coutd hantie the sttutition With-no thouble. ‘A:RES for ‘the Tmpiieit
refation could be built in tﬁ‘rﬂuﬁﬁttﬁﬁ; mmmw “colipound”s components

as -p’artic-lpmu{ Fie i clesr iy an SFHIC TNt appie %, ‘#% long as the system

has a definition for sach idiceyncratic colpound |t-ensotiiters.

Betwesn the compounds forsetl’ from 8 predtétanie set end ‘tho‘ completely
idiosyncratic colpoonds are 8 group: thilt shou solle ‘Fegdidrtty, &) though the
particular relations invoived sre Wetm.‘ "Theve Qi'f’plﬁn
representations by the semantic w “But ‘an m o "unopociﬂ.d")
marker is used. ¥he werker is dim ‘beton in hem #:7.2, and the
compound tlass is investigated in more detail in section §.8.

“Finatly, there are compounds for whith the seening-of the whole Is
different from tie sum of the meanings of its parts. Considter “der
Tintenfisth® ("the cuttiefish® or *suuids” fiteratly, *ink #ish"). Leaving
aside the point that the squid ts not a fishtoa uibtegi-si;‘ we note that "der
~ Tintenfisch® refers not just to eny uster animal that spews an inky cloud, but
to the cuttiefish. 1f there is soms Gther fish-Iike creaturs that also speus
ik, Tt would not be designeted by Iintentiagh. Such @ situation seews to




97

Harrant 3 separate concept |ike #SUID, and o the rmmm{m ’9"”“'
tupe of compound 100ks no different from that of a ceguier.noud. .

For representing cowpounds, then, the. systes otfers four alternstives:
pre-packaged ilﬁl-lql‘t_,rq lations, special. ng datinitions,
repressntat i‘onsv that lsave the rgW@ w.d for the Lima. being, and
standand‘gbjec,t def,ini,-tioq: for. MM mlm are. more thsn the sum
of the naningo of their parts, C L s 8 ERIT

Thu last grouwp nf _gompounds nent ioned. ra,uogg mgjgm. .o not all
compounds, in fact, tend to be more than .ihe :m\,af?glt@mmm . When feced
with 'Bupui,gf)afnl': ("rubber boote"), HQM sopething. about: this Apacial
tupe of faotusar, just ae us heve apecific Informstion st “Schniratiefe!”
(literally "lacing hgph!‘,- any. boot .that. has a. shoeiace) anc “Ho laschuhe”
(*clogs”), He would want to.sssociate this »sns«mm& aspppific .
concept marker, rather than the sore genens! concept WRODIHEAR,-Given the
system. us have nou, if the representstion for: "Gusnistisfel’. mee suppiied by
SMCOMPDUND, thers.ia nowhers to put. the dnfansatieniThris s & probiem,but
it is one that the system does not ﬁavc to face, aimjft, Je. not intended to
do any learning (i.e. it is sssumed that the information in a sentence would:
never bs used to permsnentiy changs the daductive deds-bess).

1f ue wanted to allow lsarning in the syatem, us might. try the feliouing
approach. When a neu compound ie: sncounteres, the implicit.reletion cowld be
selected by SMCOMPOUND, but then instaad of:siding. thie: te.the: ssmantic.:
representation, we could create a new concept marker. For evxup\le;.ul neu
"Gummistiefel” concept wouid have #FOOTHEAR as genus and something like
(MMATERIAL-OF X #RUBBER) as differentia, Thes. any new:information learned
about rubber boots, s.g. that they are worn in. the rain, sould be sssociated
With the nes concept. In addition, we cauld. add a dictienany. definition for
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£l 80 thet the rext ues of the iwrd siould invoke the new concept.
It would omly be soonomice! to bulld new Gencepti, oF cowse; it they are
“real ly vestul for orgenizing information #n the demittive dats base. There

kould thersfore have to be voms criterton for How iy’ spetist intormation is
 nesded to Justity the crustion of & sepiratd clhdipt Mirker. The crestion of
‘new concept’ merkers woutd sthe: attect ganerstion, od ks would need & faci|ity
to update dictionary definitions for the gererstor Wamlu.
Since, however, ue She hot' trying to diserioe @ ik !
there is no need 15 ganerdts new ‘Goricept Rarkers.” The tospromise used in the
systen wus to give conoEpt merkers to couioundé hat had' ¥ gobld deal of
| informstion sveasiated with thew perws 1ike “das Merversistes” / "the
nervous systes”. Ubrde for uich the bulk 6f wpedETHt iWtormatien Would
probebly de sncoustered in the uw! Tont For the et s - |1k "das
“Chrometephoreneple™ £ 7pioy Of the HSGStUBNINER" ' Wbe rephEvented by
Chunks of semantic representstion frelWtitny puFticip@vtal. - Thise e ~
* constructed by SHEONPOUND, a8 deeor thed atitve;, UhiWes Wi Tilosyneretic
relstion s Hwolved | “

wk for learning.

4

It is thus meowssery to-supply ieplbott relstiony for genitives, =
M%iibt‘&‘m - Sompounds i the: heun Group-in ‘order o develop
representetions for- the di fwmﬂ' ittee 1&%&1 » onty the -
deduct ve cumbanent én decide betisen the-set of dHiserent

produced.

4.8 MWorde Hithout Semantic mim |
In the fest suctioh us tma%hrm et ver'd not ttu to
specific words Mm the quedtioh is Whethi

4‘.’ .m ':;]"a m Ii_: .‘ iﬁc




.reprnontatlon must be. formed for all words, !1; fact,. ngt ajl uprds add to
the representation; generally, words that gdo.pot ace dow. i semantic.content
and very high in syntectic fyaction, The seat ms’"?“”" i
prepqoitiom that mark part‘icjpnntl in_reiations, Fqg, pxpupis, i

Die Eledone. rmiorto m nm Bﬂz. : e e

The elegone rescted to. the stimguw,
Such prepositions occur both with verbs and mmtino. m mlu thov former
will be discussed here. Obviously not all pnpopiym: qu of thls tupis
those t‘hat mark location, time, cwullzy,gtc,lr-ap;gp,ln @c‘llvgml

. semantic content and not dependent, sxcept in the most.gensral way, on the

particular verb used. The prepositions.] am, midﬂ‘ly Quhypog closely
tied to individual verbs and uhon fungtlgmnan pgc:jm Ry conp in other
sityations: -ir gefhlit " versup . “ich freue ligp m in German;
(roughiy, "1 !,Ai!sn..,;x .and "1 am happy mheyt J17).. legh 4t veceys ghascxs in
English. Hhere such prepositions occurs. thair sewantics, in-eseaptig}ly. 8 no-
op, i,a. the sementics of the prepositional object.is stuck.into 8. register
marked by the propooitionnm.ﬂhonttn E:Q,Lgtiqg%gcm;.‘gwuyitg the vard is
evaluated in SMCLAUSE, a list of it;rwirodpropgaul@gtigl retrieved from |
the collocations list. These promi;igngpr,ﬂimm by agmaptic definition
labels, since a difference in propoc‘l:xigg%gag.}_laﬂi;a';g%gﬁm.tlwggce in
semantics ("dient als" / "serves as” vwéyg 'gﬂmxgu;,,l "saryas to"). For
each definition, then, we know qmﬁ;f where to ook, tor the sewantics of ite
participants. In the case of a a required pregosition, wp. just pick up the
object’'s semantics from the register that uas sst. Note fhat essentially the
ssme procedure is folloued, for ssparatle pretixss, sigce 8 gwpersble pratix
verb is considered to be one word. ThloJug!forultgﬁlg %g:ggﬂlgqu_light of

the ciose relation betueen prspositions and ssparable prefixes.

Nt R T Yt A P AT R O R T N L P SRR B R e
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"It is 'not, perhaps; entirely fair to ciaiw that prepositions that mark

- objects of ‘the verb dre divoid of sewaritic contenti: 17 tatt, 1°has surprised
at the regularitive that | ehéoufitered In the courss’ 6¥ orgenizing the
selection restiiction tree. Filimore’s Case theory (8], of course, 18 partiy
"f‘ﬁﬁ thi'object of s mental

based on this sort of rsgusaritu*i" A

process (including in this perception) is" ‘often” bl
{a) -lch denke oft dargn. -
1 think gf it often.
(B) " Ich efrinere wich dargn.
I remesber it: =
(cY Das’ist gn Sepla zu bedbachten,
That cwn Be’dbserved mﬁph.
In a sense, these-regularities are not’ tuv-priﬁng, “sifte pcoplc have to
renenber amch prépositions go-tiith which virsc. dﬁd Ahe Bore ngularmes.
Tidktiéd by the' tact that

the better: OA the other hahd, the situition Ts-edl
the séme preposition’ may be ‘used i th’ 3 Fathir uih variéty of verbs in"a
 riumber of différent uau‘ Thus we have for gifs
(d) Er wiFkt guf das PobiTkue:
He'Hag dn eftect gi the ‘public.”
(@) Er religiert nicht darguf. o
‘Hé did not react to it.
‘m* Hir Habeh stunden!ang suf 1hh m%t. )
' He walted for him fob hours. - '
The semantics of thebe requlrsd prepositions, ‘ih;an.""téin"g’ivvc a clue to the
relation batiden sdbject and verd object, but the ineuudgc s fevee T
definitive mhout theevidence” pmsdoa b5 the verb, '
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4 S ldloutic and Spacia) Uspges ‘ i
Anothor oituation in uhich th. words in 8 clayse pt@t*ngt »ap _one~io-ons
onto the sanantic ropromtatlon ia uhon ldlo-o are womt. ;,Lg- using
"idion hcrc in tho mantlc unu. to l«n lnu phrogo d\gn ppnlng U
dufferent fron tm sum of thc nuningc of ito coupomnt uordo. » A uuntlc

agciated uigh tpe phrase
itself. In the oustn. tho umt mal uay to Mndlo an idion is nith 8

‘ropresuntatlon for an idion, thm. is prop.r!y o

SPECIAL definition. For sonthlng liko: ‘
Das Eisen schmieden oolmo e hom ist,
Strike while tho iron is hot.

ST

“we could urite o mm. dcfinition for m () rik;")v that uould check

for the prosoncc of tho rnt of tho phnu. th@ pr_ggmg a w umth:
r-eprosontation to onbodu a nanlnq like "Act umlo thgro ALK o pgpgrtupity.

R ¢F

Note that thc ountu dou not doll Wi th ouch utmlvg Idioms, right nos,

s
S F BN

because nom ara prcmt in tho unplo  poragraph. s

et s

kg WD
The wttu does handlo non rutrlctod idiomatic usages In tuo Hayez

through the collocations list and through the uluctor wechanies, The

selector uas mentioned above in section 4.2.1. ltg}mwmf.gm{_tg‘crog!ﬁ )

reference uuntlc definltlono uith oynt.ctic futtrn. A ,,%llitu not

il

nentnoned abov- Is tho appnranco of a uord. . uoH n . fgatggo. .as

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

next word In thc nntlnco ntchn thic uord. e .
The uord sclector facilstg is obvloullg linl-tqq. %“d It would not be

}included in the sgntu of 1t did not come umt}ﬁgl;,gu‘%',foc”fxr;ggﬁ.%ﬁg;Q;cg_ ;

eral | tu, althoygh right now It

is used onlg for anociating propouitiono uith vorbn. aprq%gprlqu in the last

col |ocat|ons Iiat is potontiallg of grutg' [

section. In’ tho collocltiono Iiot. He can lnd-x t)\o nonim of a vqr-b by a
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praposition or sepsrable prefix élsehers’ in the um-m. It would not be
GIFFICUTE to extund this mechanisw to mw idions Hko our "Strnu uhilo
iFon 1e Fot® exeuple, snd I umet thtt thlc uould bt a qood uag to procood.
Writing o SPECTAL aetinition for mrg Tdion tm uu mt to m to th. systen
‘would ve time eminu. nd the om mw u ummm. Trw but poncu
sens to be fo use ECTAL definitisne mimlu. - to use thi colloeotion

PR ACE S E

wechanlon to refiect the' rmioﬂuu tm un u fm

[

4.7 Special Entriss tn m &mtlc Mimtation
Several mcut mt narkers sre¢ wod in tho omntic ropnunt-t)on

G

. ol ot an
as it is bulit uy. ’fm m ‘the emt miaﬂ
o Sl T
AUNDDURD,  arigl’ AREFERENY " Tho fint.
S - [ASoltia: 5.1 I Y L5 et
‘nane a porticipent in a nmm«. m m use uae mu.tntca ln uction

SERT S Wum

mm. WEC.

P

i e

IB hﬂn r-cpramt noum that

& r&‘ R

4, 2’.2. The throe' other ntmmpt-. uMch qu m mm bun r-pucod bu the

tine that the wttar mta t‘he Mtc rmnmuﬂon. arc tho subject of

this section. =~

4.7.1 m‘mum"ﬂ.g
The MNGOUND warker T8 o tma»g mc-mmr mm:h diuppurl by tho

eu’,‘

time the seiantic’ mt Finishes Ite work. tm uu-pu.. of tm. nrkcr is
to atton evalustion of relations mm sl tmr parﬁclpmto mm bun '

5 TR

bound. This ie not in any m a tﬁimﬂul multu. olnco ue can uluouo
watt ontir s the' wuetplnu are !n bofon ouhminj tpo‘lctlon. | ﬂnd
ita “tuftetﬂru umtm. m mm it kup. tho mtlc co-ponmt

FOl 1 WotkiFiRy that T, the N -mi«m ol lous PR m prmning L

" 'possinie famnmnnnmmmmmm

A¥ o umm ‘consider the m-m 'dlo I- lbrmouotu voruuundon
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‘Erugurgqm," (" tho excitations that - fhnough -the TrNoUs. Syston” s

literally, "the through the mr'm' wﬂmm ongitations”).. Sinoe.we

~ Hant to handle the prenoninal etm'lmmlm'mm as
1t is pareed, SICIAUBE produges -the :nepeagentation inditewe 4.8 . (and maybe
others, pf caures, for the.altarnative. inteepaetationsl. - Mots ‘thet Ahe
prepositional phrase i Nerveasyaien’.ses Qm bm&g#m MIRUND,. but

the processing for the preneaingl claves:has-alnsady dese.the bindiag there.

~ The representation shoun is left at the clause Bode.cheee :id eite wntil the
main noun Eu;m is parnd end SINGL Is sctivated. SMNGI clll.l the

m l N B S A
f AD-THROUGH . ] o

. |rETA

FLMQ 6.8 .

SMMODIFIERS routim. which is, n ‘its m iqmu. a Wul clurlng houu
gt 3

for modifiers of nouns, vorbu. adjoctim. ind thu rest. mmms takes

§ uatendette s e

note of the fact that the modifier is a prm!ml clnuu. It knous that an
M.MOLNJ needs to be replaced. bu tmi%s for tho nom. SuIng thlo. it calls
REB!MJ to make a ul-ction rntrictiom choek. de tho Mndlng. and mviu

kS

any renaming ‘that is nocuuru to kna the oﬁcntlc nwronntlﬂon ‘consistent.

£ Pig ; - "y

mm is uud for ;

_ BC.‘d‘. prm‘ml c'ﬂ..., tf' { 5
Prepﬂution ﬂf'oum “(since’ Prlpooitim. .-. m.”" "Wlmt.d w tuo-m.c.

rolatiom). for 5ubordinato clmo of urlm mtt. m for thou adj.ctln

groups that are npru_mt_od as rchﬂm. Mtﬁoum iﬁnﬁoou:“c&o all’

at
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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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inting®ls. . while most

unqlcratood mtt con 09)3 be dltorll&g'd ,qgmymm- toﬁm%tut-s "das

"der Erfinder der Buchdruckerkunst® ("the inventor ef

to defer the dgcnioo untll wore. infgrlgtlm In uolw;- Amtw use_ for
HUNSPEC is when the grmtmn _Pasaive hes no -sms,,!@ﬂ-r Strgm.uird
abgeschal tet” / "The. power. iy "!‘WM g:m.: L ggt the seme range of -

posaibilities hers as in the relationsl neun,uith,vn

A0 T LN A R I

473 MNSPECforEllipﬂo ‘ LU :
. The MNSPEC uses above are bnigllg}dggog;glmq bu ogntgx. ln ‘soms other .

. ,si tggtim-,ﬁw-;queaa;tim. is left out,.thers segms to M"nic&l basis

for_the deletion. In our paragraph, for. sxamp 'w&?ﬂ 9.8 discussion of

uhethcc qctqpuqop gan porc,o_iyglcplpq,.. ‘a_,Mtgr,,givlng, dence _,‘ghlt nupporto the

existance nf color porcoption. the suthor W& Tege gggggﬂnt des zum
nindnt-n fOr (disse Formen fOr Wmm‘” gggghgqh (*+yethis, then,
3t loast for these species, sesms. to suppert,n, SRIGE AORM’): Hece, the author
has substituted a noun group for a relation guch ss_ the gxistmace of". plus
_the noun group, 1t sesss o me that gbbreviaticos Like, $his depeng, vecy much
on,_the spacial gense of particular vords nith popsibly. same. geouping into
classey of yords that eliow slmiler tiges,of ellipals);. 10 this sxaeple, the
oliipsis might be triggered by “sprechen 0" (“svpppr’). For_thase_cases, -
then, it will be up to a SPECIAL definition routine to introduge the #UNSPEC
warker.and do_the necsssary.binding, Daguct]on can, then deglde what reiation

_is undergtood. This definition approach gusranisss, that. the. systen con. Qandlo
ap-clal casss and know what it nesds to bind, for. mmumlr A,
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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.nlgyriku!ioron,'lsam,: wn%@mgk {&ngfmg Maghen.
 Before ha can wnrol L, Jahaon hae.19 16 the aniRaEe wam,
Here, the REFEFENT marker is ingected far 4c..09d.18 18,00} rabound ta. the
0SS for ,Johann until m is g&llod o the, W:&W‘m N)othor L
situation uha;'e the W’[ narker . is justified is the @-com m.
- foruard "t?"'ﬂce is fraquent, In the spaple Wmmww%* S
«oouae ebenfally sehr daflc wricht. dess %--&mg Farhen zu
unterscheiden vpr;bmn waar g dpmesiven miooon

) ...uhlch 3gain very Dtronglu mgt- u;o;ﬁynn mkﬂls er pbl.p to
distinguish colors

Here, umr_ refers foruard to the "dcn ,clm Feor ;,quc Oortg 9! pronouns,
the #REFERENT marker frpgu-nglu rensing as_ong posgifle. interpretat lon yntii
‘tho and of the sentence, uslting for the reterent.to by found,

LR |

| . Y41 1) a0t some uay, Lo represent
coreference. Since coreference iIn full noun groupy will be repreeented Like

pronoun coreference, both are discussed together io the gext section. . ..
, , 4.8 quromtlm (;su-q;crm :

It seems desirable for pronouns and.definita goun groups. {more proper iy,
for all noun groups that are cor,-..,t-m;a&ﬂm%mm&megm the_ text) to
have simifar semantic representations. By the.time the generator sess the
_representation, there uill be ng sxplicit iodigation afshether .the surface
structure contained @ pronoyn or 8 full peun, g50ue: o, Thin aken, seny,. since
the target language has its oun rules for corgferent ngun greups and pregoun
insertion, and theses may or may not coincide with the ruley. in _the saurce
language. In this section, 1 uill discyss finding the. goraferent noun.group,
the representation built, and issuss of pegudo-cocetaceqc, . Altheygh L will
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spedk of & Wouh GroGp “refeiring® Yo dnbther ‘néun Groud, T really mean that
the tuo WEE COFETHRENE:~ OATY extri-| INGURMLIC ilfigs' for ‘quoted Words or
‘phidsed thw [Thgdtetic dlecubeitn) “des Bbtud! 1y Feférréa to By noun groupe.
Note that rerddifices San bé wade to ‘o ther’ ui%mm by USing ﬁ*m. Tike
il PR BN BectTon BiYen "l dPTT Sorlent-BtY 81 ndu’ grovp
cor“eferund&' Butthe SHUETIoN THwEn the bl ahen & reTaticn s irvoived.
Por “u gronouiS W SETE thEL EHe vumi

e Coligonent ‘dcétkulstes a list of
possible coreferent structures. For full m*&wmwmm is |
TRty difrerent, snd the’ mmwnmﬁm ‘t8¥tous Hinograd. Pronouns
are so weskly specitied sewanticelly thet they ésnnct bouplrltcd from their
¥ dritd by e gRedt dintdRel; Full “Houk ridps, holievér. dre HGEN better
SBLTHTEA, Wnd & rEHEEAY COUTA Potentii g B0 FBind shhere Th the text.
While I suspct “thilt Féferdntes outeids e Béragiaph aFe Tinited to certain key
7 vouh group, T Eted thimk thak difii‘il’wlﬁg M“n&‘%"iuﬁc“h non-trivisl,
1.8, A0t obVious frok SuFfate tructure In“every ceesd. ° 85 to Procesd for full

noun ‘groups “as i did for prenduns - GoRBtRUELTng & psdibiiities mt and
narrowing it - will not be feasible. Even if uo were to Hnlt our seareh for
referents to the scdisé bF & pirahreph, ol posdibilities |ist would not be
very ifterest iy, Ve ThEs ue Have nd Pobli nly Yo Rerded déan
In soWe &1tudtions s wilit be eb16 o ule seleétion réstrictions o narrou
Posk BT | itiss, Bt Tn génersl they uliT #Bt B4 ddiguste. * Fir thermore, '
corsferant Full Nouk Foops do not sgred GTth thelF Feferents 1A gender ‘and

 humbéF, W6 WBd 18 Hive ¥-poefittal 1y butky puusiBiTitiés ITet ‘and nothing to
6 with It Bl this Fedson, Tt Ts TFt t6 ‘the delict IV -Eomponent to
deteFmife which ftul | Houn grotps are coreferent. “Aithough the deductive,
rathEr ‘thaR The Semdntit componsht, ulll b8 dddiAg ékeference inforration to
‘the seNBHIC reprudertitron Yo Yull néon groubs, | would ITke to tinish up

the “possibilities.
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the discussion of corefecence at:this time. -

- The main festure of tho'repnmntﬂ%na*%i'*smta%MfMtﬁtuo~r¢rn~jgivon
the same urialﬂo: Gmﬁiotw m&in@aﬁmmdﬁs:ﬂW"Mﬁwwﬁiﬁr”m*
-names differ. Prongun semsntic nodes wilisaduageitené thy bt CONCEPT petting
from the corefersnt noun greup when #REFERENT: ip reboundy Aufuti neun group,
an the other. hand, siusys -nuppaHn"-itQ osnconcept marhes.  Biven a:varciable
) nauvalgm. i-t,’i_a‘nﬁtsa‘lm sasy:-40: find other..sessdtis nodes:shering the
same variable, 80 ihe-register GOREF is eet to'e iist-of @it the coreterents
of this node. That L8y when we find:s:beck redseence, e set .the COREF - -
register both on tbo:;r.forrhgf'uﬁantIeéno;hsmdﬁéaﬁtu neds refered:to: ! This
wWill be.ussful for gensration, since:§ bagk refersnce in: one laaguage night b‘,v
better translated.as.a »fmuanderlﬁl?mnal%mué iBigure 6;&;&“ some of
the intpqnagion -that -will be present-in.the -QBG'e %Oggfwﬂl"%hn <oneterent noun
groupst "the cephalopad”.and.this goimal.l - Cnevhieat AW

T - Ty £
OSSNAME= 0SSI ) ANE= v
CONCEPT= #CEPHALOPOD CONCEPT= #ANIMAL
|variaBLE. X1 VARIABLE= X1

CFiguemibi@... . - aeeo o

Note that other regisiers are.sei .sepacsiely-for copeferent. sesantic nodes, so
that they may, and-often will, ditfer-in MGBIGLERG, GIVEN-NEN  etc. .

_There is_another phenosenon that behsvesoach ibive Gersference, but shich
we might call pseudo-coreference. Lonsider -tha-exampie:: '

Anna benltzte das prosse. Hicterbuchiund s ieh senhtztedas kisioe.

Anna used the big dictionary and | used Lii afall m08. - ~
The noun group underlined in the German is elliptic for "das kieine

Uarterbuch" ("the small dictionary”), and we can supply the main noun by

looking at a noun group earlier in the sentence, "das grosse Wdrterbuch” ("the.

DR 2
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big dictionary”). He might thi,nh;:\oi MMmem*awms&m @ back
reference: to: "das: gnosse.hbrierbuch; * mm 4 refers to: thmd«,m’-al.
class. "Lbrterbuch” :{ dictioneryll: éatiier- tham: to: thepmote:restricted class
"lange dictionary.® In:thisscass, us arecnot restig desling uith cereferencs,
but uith. s sbhcevisbedouay ofdistinguieoiing teo supsrate Bit related:

. ohjegts. unwt tha: tuo. ubdh ¢ i fenent: var taniss, but aleo Rots thet

the sbisreviation-has: baen:used: iy 111 1ng.in: thesulet:PARALLELS #or both rioun

- groups.  This register-is aleo uesd: to 'cepreseit parsttel sem exhiblted by
conjunctions. '-iln.oue.exsapie sentence: stove, the RES’e: for the tuo conjeined
clauses ueuld. ateo. be: menkedcparad el ) -RARLLELS: v ated Gsed for paraiie)
‘main clevses, either conmected by-8 seli=calenced: ln' 'sipirate-sentences. The |
© basmic ides is that this Paretietise nIGEREtIoR-Te nbt reltt|j lahguage

. independent; ‘since -seny. |anguaghe’ night Nave-d¥efeset ‘Files for conjunctions
or noun group. pomdo-confarmm mi thik ise 68" :
saves time mm mmwm ln tMWW

“Fagluter

4:3_ Semantie Beiresn 'jti-ﬁw for Mt*cﬁ-tw
Thematic systess represent: tharssganization of an uttersnce as a

message. -As-auch; ey Bre.fot resieietedsto the Wrde Pavil tiie.
inguistic ongasizetion sbove.the sentenceb. ~In-f8Et; theaatic systems can be
found at the uerd; group, andscisuse levels:af e sgeteaic groimar. * The
dlatinctuona in this:ssosbon are-adapted mumwmwm ‘hepeful iy with
the original intentions:intact.  Resders:uishing te juige’ fér thendeives are

referred to Haumm;lm
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4,9.1 What's in a Sountic R‘prountltion Roviﬂtod

Bafon comidarlng thontic in dltail,( lot ua r.turn to the

R w:}i R

questlon "Hhat ohould 2 uuntic roprlnntlﬂon npru!nt?' lvh can dl}_&\gldo the
A inforntion m a uuntlc nodo (m mtlon 4 3) Into thrao cluno. onc of

‘ uhlch qu b' thmtlc.

miyong oag ot G et

. Fint. the uuntlc ropn»ntatlon mtlim lnforntlon from the
propooltional lovol - more or. Iou. . Strictlg Mlm!& I uould conoldor the

,propoaluoml um to bo rad knoulodgt mtlcg ﬂnigo the, thoutlc

4 ogsten. But. as ue uull ses bolou. thq obj.ct-nlogim-proportg dioungtlon

LELE YR

__ 4can be callod th.nuc., To call tho propooitloml lwol mmtlco minus

“a)““" st
thenatic lnfornation. then, uugpthgtlt&hno{g{ggugitsgigulcvcl of .

organizat!on. Let we thu-oforc quaHfu tho orlgim& ctlpnnt and say that

the semantic rnpnmtatlpn oonmm lnforuuqn frou tg;g,prqpultlml level,

- #me

auguntod bu tho ob]oct-nutiun-proportg dhtinction. In_ thh catogmg.

R 9&5 ,»;; e a"Nr; b dgngers

would place the rogiotwom CASE, LINKAGE, VHIH.E and

- .'A - ":«'..,‘q" ¢ s
fgot &

A ucond kind of lnfog:!agiqq in_q}ho npantlc rqgr‘_omtation ralatn the
kourface otruc?uro of an utt.rm t; vt‘hia“ oA;i-prom;l‘thnll qunl.; For this,
ue have the r.gi.c.ﬁ TYPE, OROER, RESTRICTIONS, OGSMICE, REGNOIE, PSSNOCE,
‘and mﬂ Thls ia inforntuon. tmt h uogful ln dgclgtnp mothor s
rcpromtlélm\io’appropriltq. docidim bctu”u Q‘ﬂ"'qg‘} mticx
ropruontations. and kuplng trlck 99 the uq%gb !qmﬂc rggrgqunglon
corrasponds to the .Km!-stis,-!"9959’!...}'3!.!,!!, being bullt by-the parser.

| Tho rest of the mforntion in the m}ic rjmtation ig thematic.
This inclugu WTAT!CNS, GIVEN—OEU , COREF, Pﬂ
TYPE, MODIFIERS, ?m and RESTRICT-DESCR e «,Jﬁ' Ih- rgp m-r Qf tbu -qction
will be dcvotod to thou thnutic cltogoclqs. oo

SERNT T F RS
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4.9.2 Themstic Orgenization Balow the Clause Level o |

Most thematic iriformation m o e nlatcd to the clauu; the group
lavei. thematic festures that uill be discussed hers are aiso found ut thc
clause level. Dm ou-tn discussed in' this ucﬂon - “Intormation focus - ls 8
discourse systew, snd should properiy be ropnmmimm sentence iavel.
Since, hodever, |ta nanifestations s¢e seen lt tht m md cuuu lovﬂo. it
Will b represented at fhe rélevent group snd clmise muc nodes.

A thematic pmnm at the uari Iml l- comtltlon. rolltod s it is
to the Mﬂ"i choice bttmn di fterent m of mmlng the -m con;cpt.

Looking next at the grous Ievel, the head / nadifluro:&ink;& ssoms to be

fs,.w

thewatic. Consider, for ‘eummple, the diffwm Mum ‘the tuo noun orwpn

R ¥4 D

(1) der blaus Riweel /  the bloe 'y
(1) die Bilkee des Himmais / the blua of the ‘.fi& .
In the semantic rmcmtation. !hu dnlu difm utuun tiio- lo thc )

Another grwp Tevel thematic festure is thn tﬂﬂlmﬂm bltmn obj-ct..

LR E

WS o g b a9y
et FOHR T AL
&

Ngis%r

,ralatiom m propcrtiu. Bbjocto m nmtom em I;oth b. onn n bundlu
of prapurtlu; in aoHMng tm. m lro u‘&i;g a éanltiint to l cohcront
uorld visu. l.d. tu m sort of 'Idonﬂtu“ in thc cm of objocto tnd to the
assukption &f irelatedness® inatltd of rlndmu in tho cass of relutlom.
This conceptual lesp of faith dbes ot seen {6 be s Somesious ¢ cholce on the
part of # Indiviaudl épdsker, but rathié a cholce that Is buiit into the

langusge. The reason’ siy engusge ﬁtr- 'M*“d of conceptual structure i

thet it is possible, for axauple, thatl the compt ‘of ‘on}edhooa' differs
frow [angusge to (Engusge, aé uhorf Contends In his mw;fu of Hopi (36).
Néver théieds, for the frm:littng wotii. fho ob}uéf. rouﬂon and proportu

jictive dats base.

distinction is expscted to be naintéined iﬁ the
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This io bocaun tho dhtlnetlon seems to be integral to both Enplloh pnd

o treadeagd apt BoTReR0 Nl oaesndh gBn ARG TR
Goruan. ‘ If. in uct. IW do dht}gmim ohjacg*o. r.latlong.

propnrtin in difurunt mq and it tm' rqﬂntc ?ﬂp mtngl dlffgmo

as well, thcn tho meptull ,Fepresentatjon ghosen. here |9 hasvily, language
dependent in thlo‘ru@poct. _ '
Fimllu. tho diucouru utmiu %gwwmd M' mleh holonq tg what

"“.\v?wﬁay"» “f“f‘

Hallidag callo tho inforution mt“& alqgﬂw ”.2 gqg l-v.l tho”tic
. gy 5 et oy P & ”t

féatur . Since this systen s reatized prinarily ghgnologically,.only, gertein
aspocts of inforntim organization mgmq 1o be.relpvant. GIVEN

infornation io that uhich the speaker (urltpr) thlﬂu the listener. (rW)

..... R TR - S I IR VT B - AT T et - TR

T N SRS £ st

can d-duce.relthor bocauu it m bun mm ugllgl g or. hgauu it is

conaon knoulodqo or bocauu it io in_?ou mugwg Mo, o}c. OBJ lpfarggtlon.
on tho other handg h the nnon for the, yrlter’ &M“W'm!&"' the ..

J
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information which he wishes to communicate to the reader.

One place uhvers the hum di&tinqﬂon is reflected in text is in
definite and indefinite detersiners. The diftarence betwesn the noun groups
under | ined |

" Das Bugh iet verschuunden, / nnmm i ssppeared.

Gi) m st verschwinden, /- thog gﬂmeﬂ.
is that in (1), the resder is expected to know, or very soon find out, which
book is meant, while in (11), he n not, AH semantic nodes corresponding to
noun groups, then, are wmd bu tm trmnim mtﬂ uith either GIVEN or
NEW. Note that tm‘ hesne thn Nﬁ ntgg_lmg m propertivs are also warked
almg the way, i.e. those thet wre w«w A, mm,..u‘ms "das Schuimmen”
/ "suimming”, "die Bidue” / "the ans. Pronowns, of course, are
automatically GIVEN, since their referent e siuays sxpected to be derivable,
either shen thcgm (forbaeknwm) orumnumcuf thc )
santence has been proceseed (for forward rcmm). o

Another plccc that the in?orntlun foem mtu Iu roﬂoctod in text
(although it is not riow handied), fs shown in the fomuing -xa-pm o

() der bleue Kiotz / the blue Meek e |

(1) der Kiotz, der blau ist / the block that is blus
One important difference betwsen these tuo is tm tm .;mn noun g group in
the first exanph mt be G!VEN; uhilo i tho neond tho subortﬂnate clauu
allous "mu- to be vm even thowh tho rut of tﬁo noun group lo GIVEN

At the word chl, then, there is connot;ﬂoh. and at the group Icvei
thate are the distinctions batussn head lﬁd nedlfhn and betueen objuctc.
relations, and prmrtiu. Thua tuo group lml diotinctiono also appoar at
the clause level. Fimllu. uhllo thc lnforlaﬂon foeue ou-tu h propcrlu

discourse lwﬁ. the given-neu dlutlneﬂon s ropnuntid both at ‘the group
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and at thn clauu loval. Noto thot tuo othor r.glat.ro ln tho mantic

L

roprountltion rolltcd to inforutlon foeuo lro m gld

were diocuond in uction k.& abovo

U R T Lo

[
ks 23

4.9.3 Thematic Organization at the Clause Level

e

.M inportont cl.uu lovel, tmtl{; nyotu io tho thoqp-[;g;qgo
distmction. ln terms of Hallidqg . doﬂnitlpn; the theme is the ﬂnt y

2 sl

constutwnt of thc clmn. n thc trmiqting mmé thggofon,,gho thgn Is
k marked by tho oyntactlc component uhen the clsuse is mgg but 1t is aleo
given a umtic upnmtght:iog. lnmgm. the tw rqglotu- on_the
clauu RSS is set tg thc tic nodc nmht.d glth the tgg-o Haj qulu

B "m

has characturlzod tho thm as "tho pog on _which the mgg m

S

(16 p 151). _ Th. rhqn ia tho rut of thg aes, ng;,rn of thn info!:utlon

IR TR

structurs, the theas is often GIVEN, gs .,,,‘_L et iy o

_Qis Cheg e spislon, /. The gheomeipmba ;mu.w N
’This is not lluagu tho caes, homnr, %m«bﬂ thlo m}gnc, from tho

samp | e paragraph:

SE i B omMLY te ur e

Nach von Hess, sollien sie alch i der farmnn” H-mcfngprhgngg

According to von Hess, their (the cephalopods) behdvior.is 1ike that of &

color-blind man.

sy eEy L on L p . . R ST
gy efy 5 ; :

From th._vr-_ggder'ﬁ‘o;v!‘mpoin‘t.’ thems .lgvto:l‘nhp)n:t, of gjr;ggtjggo..lfoc ’
interprcting th§ fnforntloﬁ in the sentence, Uh-n the thm in GIVEN. the
:uritor in uging. "Horo is a concopt nith, yl\;ch U, Fgﬁfﬂll,l,ar. on which uou
can hang the information | am going to give you.” On the other_hand, when

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

thene is NEW, the uriter |s setting the pre
helpful or sssential to Interpretiog wet uill be.paid ip. the rast of the

sentence. In the example given, it is importent for. the guther to gualify 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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_contraoilng ihas and-whigh. In German, on: $he:other:hendy: Ahe:transiadhon for
both (a) and (b} uou!,d.‘tm -

Die Kraken, dis- in der Kﬂatm A abeny. boven. Jhnmh us-.
Steinen. . L st i @0
or better - ‘

o Qie in dor Klﬂmom {ebenden KRM DEUSN H!m Mu.wo Sblmn
Since both types of clauses have the same surface mnzluon. mu '

" knosiledge must be uud to m- the distinction. Here ue have & situation
uhere semantic interprstation is m&ﬁﬁ.ﬂ&ﬁ W&»._httrmﬁﬂcﬂv.
since i f we are te chease 'tbm.«mtvctfﬁn.&&mmﬁt‘lm'wa.fnuch a

“clause, we wust intgepret the Bmmmm <

7: Ancther G lavse: Lavel faaturs: is_the regiatee INFO-GROER. : 1 one-had to
classify this reginter, it wouid be sssigned:te:the  internation. facus systen,
although the INFO-DROER register iteelf-is:8 very od hos-measure. - The - -
semantic component checks the sssentic ceses-of:sdvechighe in_the Clause end
marks INFO-ORDER accordingly. If the adverbial ordering li the default one,
the rogiotar is set to UNWRKED. 1t i mlng i mt the d-fault one, thon
the register is set ta.a list ot the RS§’s: nfftmemmu in.the order of
their appsarance in the.ssntence. FPreswsahiys thaes nesresi:te.the.end.of the

_ clauss_are, consideced wost. inportent by the.apesker; funiens hees. |a.sone
ather ceason for. the ordering, |ike sbungsmi-neditions),.ond:this. night be

~useful information to preserve for the generater..

_.One iast thematic category usad.at the.clauss leva) M CLAUSE~TYPE,. :hich
is a register get on the RSS corresponding:to ibe slaven. g-TM"' cagisten may
have the valuss COMHIAND, HESTLW,STAW. or SRCONOARY, -1t.ip-aceumed
that this information will be used by the genarater-and . alee.by the:deductive
component. We would expect the dedustive.sompenent 4o know sowething:sheut
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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

% -



119

case here; SILOC and the other globals that one could add, like time and

nnnor ' uore rodundant.

o

~ Sonntic case don. houovor. haw a plm in thc tgmutlm Wotn,
although in glving it om 1 havo utmdtd the meaning of tho tm, For tho
rest of tho uction. Iot us comld.r podifuinq ;claﬁm mlgg!vcly. In the

ngatou, nloction rntrlctlom cpocify tho egpﬂrginto a mym plmo on
it hud._ ln odd!tion. be aleo, nud s uayg b nﬁ""”qt% w« of nodlﬂoro
that a head can teke, For exswpls, ue wight N‘~§°W'“'“‘£“"‘*'°"‘
be modified by location, tins. end sanmer, or thet pyelgh] glects, spy. bave
shape and color,  Thess constrainty sre not nou_ implemented, sings | gxpect
them to be embedded In the geductive routines,, Wnat s iwlgmented. ie, the

characterization of the indlvfdu.l .opd] fying, relationy &, high level . .

_categories which I uill call sswantic casss; orisptatjen, lgcation, shes

etc. o

Nhil- the comtralntn on lod:flu'a Mn nq,t .bsen_| Im!mtgﬁ.nnntic
case information does have other uses in, ttgg wto@ ggg r l-ggocordor!m
(Thet 1. "gle grave grosse

Tintenfisch® ("the grey b.ig,‘;’gngg‘_') _sounds ;tgmﬂigqbgghﬁgrmmgmlim
because the rule "size before color" has besn violated. (Note that we may

nodlfglng rolatlono e onpruud lp tm cf ?"?

need more dononlitu than the simpie cass utogoriu to express ail the
ordering 'ruleo, but at least case goes & long wey tousrd expressing the more
common regularities that occur.) Cm also helps to upuln verb ndlfior :
ordering. In German we would bo more likely to say "lm' traffen uns gestern
(time) in London (location),” uhllc in EngHuh the nu:froqumt srrangement
would bez "le met in London {location) untordau (tiu)." 1 should add that
right nou the German end of the mtu doo- nothing -oro with cass than find

it. The semantic component doss not care whether it o,oto '_m grosse greue
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Tintenfisch® or @ "graue grosse® one. These rules, of courss, could be added
easily enough. Sonntlc caes iMwntFm doss Mn'i’;pla#s in'gjclmrlt'ic/ﬁ.
however, since modifier ordorlng rulu in th- tmt IW arc cxpruud in
terms of case. , ‘, e
The mechanism for u‘-ctrlovim senantic case infersation Is a oinpi‘o one.
Since | am assuming that ﬁiffiwét emt mﬂmﬂm‘ inﬁ“m‘difformi

' cam. the logleal pl.cc for cass lmﬂn u m ulcetion rutrlctuon

' tree. To bul td the sesentic rmmtttien for a nhtieﬂ coneopt mk.r that

acts as a wodi tHer {including, of course, MHAVE- A1YT, we trace up the
‘seloction restriction tres until a marker ie toind with st.'“cxs?e’"“béomrty set.
" Semantic cisss are seseciated with ouhtrm “of thu uhcﬂen restriction tree,
al though thers nay be ssveral ‘cases’ ‘slong & brm TM. allm us to handlo
‘enceptions, since the first cass found is the one ueed.
-

In this chapter we have discussed the sssentic representation and the uay
a set of #q’uﬂ.ﬁnimmi are sescciated with wtvtmsmmo  The next
" chapter discusses sows of the issues tm wist be mlmu it e are to

]

choose a ﬂnqn lnturprﬁ.hm tor a nlm uuﬂ o
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. Chapter & --Tm Rais of Underatending . - -
| 5.1 Introduction ‘
nstanding: 8 lﬂetmm Mg of 88 tm process
of relating 1t to an internal. knouledge Atrycting.. As. mthim
the tranelating sustes inplenented Atkse n GMAIA. toary snperatandlog, but
inatead by-passes the problaa ntirely. (ulth $he Reesibin swmption of
selaction restrictions).. This omissien. anisss ot out.qf jthe belief. that
understanding,is unimpertant to transigtion, kb, £ather, ouk of the. .
~_conviction that afrwt@ru mlwimlgmgmgmfatmx,&mjp m _
 understanding campanent, for, the sustan Fassine A, “BigEk box, T, the mechenise
. modtd to fill this gap ls not A8 11i-defined ap. Jt M‘Pﬂ‘w MWJ by
Minsky (27), Chacnisk (2, Galdatain (31, ficlpiatt 280, i Sussnan £34) 1e
extremely exciting, nﬁdmﬂ futes. mmb progress, tesmnd & theary of
. _rcprooantlnq and ltrmtwjm m"dﬂ" g ,\, i
The chapter that follous rqi ips, w%m the, M in the. retarences
 cited anove, but 1 uill be conaidaring mueh Aore, castictad meations. Eiret,
Given the systen that In deacribed hars, uhat aarte of. intarsctiens said ve
expect hetueen a know)edge atrusturs and the rest of the, sustes? . Secend,: |
Will take a short look at the. sorts of shecipl srohisms that come. up Jn text
~ and some of the cuss um can take svntage of, . Jn shat fpl laus, Luili peter
to our "black box" as the deductive compnent. Altheugh Abis.tece.is .
misleading, Deduction, is. probably an, Iapariant; RAFt.of sndecstanding, but not
necessariy. the primery mechaniss. L use the.sord.’deduotion® Inatesd of:
"understanding,” however, since thoiwmw%mm tha -,
 component .and the systas.hars Right nat. be.identiael tx dhe interstions
_betusen & more ganeral “understander® sod & sustenis Jinguiatic comenants.

The process_ af unde
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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 at the stage:-uhers: syntactic
information is usublly the best inforsstisn: available,: the question is reslly
when the semantic component should call desction.. A 1ikely:piace’ to-make the
call is at the end of esch semantic specialiist, so that bad representations
can be el iminated right siey and do not hive to be eirrfed foruard. In
addition, if aii representations sre rajected by deduction, we-have some good
v information to send the parser. . 'ﬂuwmswmﬁﬁluwtm orver, the
: I.ua conpl icated backup will be, sinow: we are stiii st or nesr: the:ecene of
the difficulty, -

Understanding i&,éct, houaver, & singis-uonol ithc procies:’ Sou o
‘linguistic structurss require & dtimfzin?m:l;of’"tht«%mn? - For enawple,
where in English:we would: sey; ‘lenmmwmm bive one.” the
- Germen could be, "Glb kir den potewwnd-ten bilai/BESatiee®” (11 teratiy,
“Give me the rad amd the blus Cmii®). Hers, the MPet AeuR group T 'the
- -conjoined muctu‘c cm be ﬂlNi‘ evalubted uhtil . the sbcbiid Hibs Beer “pareed _
..-and evaluated:. Simidariy, mwwawdw clouse eonetroet MWﬁfthat |
good part of the processing of the cim mt nalt for the main verb to bo
parud. Constraint number one moar mtm oe-pomnt. then, is that it
cannot be an all-or-nothing prm Inforntlon should be usable as it is
accumulated. The deductive emomt nfwf ‘be sbterto reject soms possible
semantic rcpromtttmm for a given noun; group" mmirm of the

sentence has been wﬂu&ted but & more Iikow W‘oﬂ M‘h to rnhufflo ,

the prioﬂtin of diﬂmnt ponibilitiu. Wrm vmu uill be
discussed further in section 5.4. Rolltod to the uga of partial information,
we would also want to activate inforntlm net ]uot— for full wmtlcal umt-

(e.g. noun group, clause, etc.), but tiwﬁ iortl#ﬁ lnportnnt Int-rudutn
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‘pﬂnt'-;. for exampis, a8 won'-ui"; mwmrm.. the: impiementation of
~the deductive component: out! ined hers would:-alse’ require. sone changes: in the
. sensntic- specistists mmjwﬁvn the m E

5.3 - Relating a Gentencesto. the:Knoubedge Structure
< It ie assumed.that the deduotive sommenent wiii:be activated by en:

approsch ‘siei 18 10-that. wsed i Hlineprad' s:eystem.  Goch possibie sewantic
. representation of & sentence-is converted into @ set:of sssertions for: the
deductive data base, and procedures sre automatically bulkt’ feom: thess
aseertions-te: wﬁu’ the necassary: deduotins presessing. -Comversion of the
,‘mmtlc rmmuiw to an sesertion: set:ih: mmmmm The vwlnblc
“inan 0SS is compined uith theiconcept worker: and dhe-reiation #iS, for:
_-as . uell, and an uurt&m neke can: ‘ A

axsnnte, WIS, X1 49C)
Pe8r: 80,90 angumeot in other. twples. For
. RS8%a, -the raistion concept sackers. ars. combinad- siths the veriables od:dheir

AL: T (¥IS X1 HOCTOPUS)
A31 (#IN KL X2) | -
. Mhgs AMBGATION KEABY - ... .

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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hierarchies, so that (#IS X1 MOETOPUS) wouid trigger tm?a-p&ti,oa #1S X1
MIATER-ANINAL) , (m*xx PINVERTEBRATE), (#718"X1 MANTMALY, etc., along with the
related information in wach case. Most asbertions il be wore comp!icated
than thewe #IS tuples, and we will want to be able to récord information about
the status of an assertion, e.g. under mtmltlmmumtioﬂ can be
expectsd to hold. Certain minimal distinctions ace essential. First, we
would uant to distinguish batueen a relation thet we know does not hold end
one sbout which we ciuplg have o lnfmum. “In sddition, we went to
distinguish betuesn a relition that is udseerted But could hold for a
situstion, and one that is not only unasserted, but #lso \rrelevant. For
exanple, w6 can avk “Where did HeFvey put the odk?™ but hof, "Hhers did
Mervey put fhe raplidity?® Location, of S6ureé, Is relevant for concrete
objects but undefined for abstract ones. Furthermors, we would also uant to
qualify assertions in the "yss" and "no® stites, by the sources of the
information, the times the mtionia;platmo state (sometimes, often,
Mondays only), etc. The uinlnlmofdifhunt assertion states, then,
is fours "yes® 1it Nolds), "no" (it doss not hold), and two varistes of
"unmwtc‘d;' oither “defined" or - “undetined.® In pnorul. It s probably @
non-trivial task tq mtorllm uhether or not a rclnunq mld»uku sense if it

Here nmud. but wtlln broad dlstlnctlom ‘cen be made.

5.4 Positive Sql..vct‘lon'ﬂntrictioho )

The use of a verb raises certain mc'utlobn shout the nﬁtirn of the
participmts irwolvld Siniurlu. tttributly- adjactives raise oxpoctationo
about tho noun lodif!od. and pnpo:itlom coarry. m&traintn on their objscts.
The uloc’tiqn restrictions introduced in chapter ,3‘_pllouqd us ta sxpress

minimal conditions on participants in & relation, but there 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 general i zed mm nodlﬂod bu #MY. To spoclfu the
second object, we would give lt th- ncqltwc rntrictiaﬂ m.mm and trut
_tho situation uhorc an objoct appun ln thio plaeo u tho oort of ollipﬂs
discussed in section 4.7.3. What eln can bc nld wout rclatlom that are
wished for? One inportlnt factor io that tm nlat&m don not nou hold. or
at least the speaker belisves that it does not nou mw If, in fact.
conclusive stucﬂ” of ecpha!opod eolor porc-ptien did oxlst at th. time this
srticle uas uritten, the reader mt m thtt th. luthor dld not knois about
thew. Our knowletge of thesh hmothoﬂeal Min mld not. houovor. block
the intefpretation of the sentence altogsther.

It is harder to mulon some pooiﬂvc mtrlctlms boconing Imrolvcu in
misstatenents thm others. Our uinh—for mlo h probahlu d uirlu cpuon
“candidate for midetsfement. On the other hend, the m ln (H) s quito
a bit tess 1ikeély to mur then the one in (i)s~ - '

(1) Herry is & bachelor. -- No. he out nrrhd Saturday

(i1) Jane 14 a bacholor. ~= No, she's & unlo.. o
A nhwkc about har | tal ot:tm is pnmlu mtor to ukc thm one sbout the
sex of an smnvldb.l. T R e e |

For ‘positive sélection restrictions, tﬁm our kmulm otructurc ‘should
provide & wecheniss to sveluate hou Hiulu s m h to m a mistake.
This mechanism could take the fm of . voluc. fmctlon. or prmduro
assoclated ulth ueh rutrictlon to oﬂcuhic tho prob.bllltu that the
restriction uill be violated in tho gim cmtut. Hl llaht not need
coaplcmu upllclt tnioruﬂon Mro wout thu mulihood of vlolltlon. since
some of it might be mmu fron th- kﬂwlw .tructuro: H‘ knoulodgo in

" the wctu is érrmu %0 tm dcrtoln facts dre ok Iua prom to mistakes

than othon. then the wutu could um tMt th. urf'tcr Is aloo luch less




- _serve as & tlko,-eit L__fvm.m,;?tg ~ -lwmtlwmscgmig ‘hﬂmﬂ?‘mr . thl‘ is
writing) or ,othotf. nlu.,tp,tmtg;fs'e;ngs;‘m,zw,;m"i},ggﬁggggﬁ.our»
expectatiors about the. ) inel Iheod, of m;im;r wrore. .. :

lnt;rntnd readers.ace refacreg. 10. m;:@; grglch treots, guogtlom
of, bclhf and doubt in the assimijation. gl ney- ipwglm.

;‘ o 5.5 meg in the Blmlm lelwiwth MNSPEC
_ He_have said that_in additipn to mgglg«bom,mubp e
npnmtatlom. .tha. deductive mt .sbouid be ablp «é" wyg{u%lntq;gum
-that hag. besn left implicit in the text.. .lIa. the Nmm%‘m i has.besn
assuped. that such. implicit information cowes. in t%yﬁmggu Anformetion
that will be necesssry in.gensration mdi&tml%tm #illnot,
Therefore,. s lot of implicit intormation.uill.pet. Ju,reflociad; In the. mlntlc
__reprasentation at all,. Consider the sxpepless. ... ... . -
.. Merkur flog nach Athen. / Mergury. flew. ta Athees.. . ..
_ Lingoergh flgg nach Paris. / Lindbergh fiey to Paris. .
‘Every object has an implicit time nt;imaoﬂ,ﬂr;: o, 1f the, mrcyru here
|is the historical one, wa wauld have.gaod svidence f4r. Aesyming, that he made
the trip under his oun pwai:m the airplans had not yst.besn invented.
.. 0n_the other hand, alncs Lindoergh's, f1ight pstdated the invention of the
airplane, it uould be highly unlikaly thet the {)uinadwee, Ju,dons, In sny
other way than in sn airplane. - (Knauing. that Mars m#w pn his fest
and that Lindbergh made the firat U.S. to Panie nory,g:p g, f1ight would be

noun terz.»v» t'mm ,t,n Mu«fwli"fvmwgtardlm‘wﬂm
Since implicit noun tenss seens useful, should it 4o have 8 place in
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the semantic roprmmlon? Chata's. grioup at: WW
' E.rkcw has Jdenkitied the-qusation afiligliBit ]
ons_for. transiatisn: In- tguii mﬂgﬁ g
on. 4t ' tnowi® armqﬁwmt be expiicittg
 rapressnted. in the semant|c neprsemntatia’ 1h el THL: dedats’ transistion.
 {There may, ai“wu. be 'wm ‘Wi tliptione® Wo the' ghﬂirofnr cannot
find a well-formed. trmutian m;ms M mmmmwt c.lll to the

s1ty of Catifarnia at

encountered any instan

sysumption of tha Predi cmﬂmam%ufmm sation 1a-
correct. i :should fote that: beceuse i ﬁ!ﬁ‘ 1 i
* representation in.the' wysten 18: ni! hiy Tingush

a semantic. reprasentation.and’to.dI Fier mwﬁium %Mﬁ% suston -
e ite representation-bul Iging. tebevior, | . .

M Cefumyg, “then, ihat the MQNVQ oo am e mluing iapllcit
information mnmmm us WA to WM to the memantic 0
representation for thlvlmtor. ' Lﬂ (b’ concentriits on’ the Iﬁmmtlmtmt
WIT1 Glasrly be iesesiry for generetivn e ek Wk LF can'be mn-a‘;* In
 section 4.7.2 ue discumed the use of M%r fhfﬁm 11ke tiwes,
‘locations, agenta, sff. With a m?a wich' io% propowuu Minsky
(27), this sort ot Information uould be suppl led by s rich default uruetun.

Of course, mdﬂiutt fised not be ‘cmt.uﬁlfu ‘sheci Fled vy ‘the lﬁtoma!
structure. For exswple, u8 NIght chodes a general defsult for the location of
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an object to be, *1f there is no rmt& think etheruiss and the location of
the cbject has besn specified previously, . mm' it ximw in the. same
place.” It seems fair to assums_ thst gnfaulnnulll muu@o heavi ly seontext |
dmﬂdcnt. 1 _ L :

In chapter 4 we suggested the use of m for . nlllptlg situations
uhore a relation uas isplied by its u-gunnto. Thonmh be sevaral.
7 po”lbilitln here, The first varutu Apbescs..in. oqrnnp!o paragraphs

Ob die Cephalopoden ssibst. suf Fachen . 188.-8)eR bgkmt.., so
scheint das zum nfﬂdutonsfﬁq: dfm m}ﬁ‘ 5 _

\Hhothqr the. cophglopods aven repct: Mwugor fg::np& ANOWe o -QHMt for
these species, this sppesrs to support 3 ﬂ.l.l'.
Tho full reletion hea besn presanted.#irect iy e £An.he wmowm

from the context, and the srgument of ,tho;.r.!aticgﬁmua;low’ 8s:-an

abbreviation. In the. gxsepis, ue.uoult axpest 4he:daductive component to use
information about reacting to inmediately,refernuiate the first sentence as 8
_question of uhather cephalopods have a senss:ef color.. vl_.atm.~.;:u~o-n u-'u- the
. refersnce to a color ssnss, we can check gontext and supply the implicit::
relation(s): | |
(#SUPPORT

Al®

(MHAVE-FACULTY m WH el
 Hers, Al8 refers to another sssection. Thus, with good-understanding of.uhat
is happening in the text, this sort of ellipsis can be handied in-&
straightforuard manner. »

~ For implied relations that are not.ineediately suppiisd by context, the

system Hill need a more mral-nchm;ggz;fm=-;fmipéd typicak-relation gWon
one or more of its arcum,iag We uill '.u,-«-:mu:mmamvmin for
couipound nouns belpu. | suspect that thmmwmlhd relations
uill be draun from a rather restricted.group, -with relatisne . ike MEXISTENCE-
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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 these and other nocerllmiltina&l coqﬁmdsr it.is . pot. clear that there
is only one relation that cen descrive. the, mwm tbo compound’ s
coupomnt.. It sesms desirsble, hou.nr. for the mtlvo;,mt to
supply a likely relation.or rcutlm to 4bs spmantic. gmgmuon. Then,
if there is no squivalent. conpquud or classifisr plus Roun m&ution in
English, the generator can uss.the ssesntic: rmwg@ te.produce a clause
or parenthesized explanation to. describe.the. object, . .., -

5.6 Other Contribytions of. the Neguctive Comanent
Except in dealing with the SUNGPEG marker, the.deductive.cempenent s not
expected. to alter the semantic representstisn,. le: can,sxpect. It housyer, to .

- set registers on sssentic nodss uith, lntogmtios that.uidi he useful for .

_gensration, In pat.tlsullr, this «lafegmw»,m&&m}m monorzmuuu
Halliday's knoun-vaknoun and.verishis-velve. U3l.. F iﬂ&lr‘Mﬂwb‘tM‘ the
categor iss: rntrlstmfim lml mém&iwlnsﬁ,WC aipo be-pide by th- |
deductive component, ymliv-mwﬂm about. coraterence:. As: twmltw
bacomes. more sophisticated, there w)ll no.doubt be: other:gategories. thet. we
mould uant to add to-this list, . .o .o e g '

S.7 Deductive Processing. above: the Sentsoace Lave!

In order to decide.hetueen m‘#"ﬁm igns. . 3he:deguctive.
component ulil have to construct a.modsl.of. the test. . Listie inforsstion.
~above the sentencs leyel. is surrentiy. incorposated.inte the. semantic.
repressntation, since it 1s.not yat £isec-baw such. infersation can.be. used in

text gtnoration. Nevertheless, | think it is uorthuhile; to: taka & lopk-at

_ some structural mm:tu of our.sample parageaph. .. An us; Can.see. fros the
English transiation on_page 15, the sxampie;panagraph. 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 & causs of Y.k

BRI R R B

(ii) Evidoncoz Exuplu uhcro X io Nockggjg\g{gmm in Y io opmvod

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

0 hpr Lt f’in% iy & B 1oL R

could b. cuod luically w wmlm" ('mim' ling 9 of thc G-rgan

R TRTIE HTIE FBY

text on page 13) "boi" ("upon, hon (] cauul nlnum, lim A1), 5""';!?'“

‘:f‘uhé ATIPRE i PiOR T sl PEIATa

. wt an 0ffgct' line
T N

1si. A variant of this rouoning pottorn - uh-n "'§ nes grochqo .
H s Ty MLy b

gencralization - night be olightlp lon dlfﬂeult to le. v\lt Ia,valouoly

wred qug%h s ity

von" ("dopond on" llm 13).w~ ‘oim U!rku\g W

ATt

" sasier to intorpnt ovidonco |f e knou mt It iq cvlqgnco ,of. . lt seans

ST ek H R

l that t I l H t Ivo
c oar l tho parawnph ovel, too. ',ﬁﬂ@ Igfuug;e %@Wg

to hmdlc partm inforntion u it h uecugyutod.

TR B AR ‘\.«“f“ e
. : B S
. : G TELTL . B e '1“ :
Noat twn of toxt that uould ho miu;gd f?ﬁﬁmi@! tranolgtlon

‘ probablg uould not contain phrun like, mg&g&@mwg *the raging
wotorn, po one nlght conclud- that n%ﬂa%gp% tq 'M% pheclc | angusge
s not inportant in a practicll ysten. . JThis would %‘ ,.ﬁmlrnkg ~Ne
unfortumte copcluﬂ“_on.‘ Metophor is relgvant, bacause 1t is pant of the more
general problen of the creative use of 'W@»J%WW‘@’ ya takg the

_ definitions of the Individual uords Involved 4, umend aame A1, thair, fules.

uhile transforming others slightiy. Metapher Jegraplgation in ghich &
deductive component uill have to reason by ""M&s if,.la.nqt the only
one. 0Often, ue ses a phenomenon sinilar to sataphor, in erd ey, Censider,
for oxanpla. thc word Errag '_ ) from the firat mm%g@m&m In
a tochnicll sense, 98 it s eed. here, gn ,gm o alegtrical. ... .
,’  oxcltatlpn. or inpulpo.\ MA?QKJ@MMM MMM

agitation, i e In & social situation it can sem cpemption,, ke wight. bandle




this by giving three d&ﬂwlﬂ! definitions tu th. m&m but thon ue
risk missing the m ground M wim m M throc umo of the

- word, A Wi‘d’ me mw be Mt to rm tho fact that th.

" three senses ars smelagous: there is amwm d . ttatc of rest bu a
‘phencwenon ‘thet is W«uwmﬁc Mmm Mic
1snguage, m mudimmmmkMMm mm
rather than jn quatity. P

"One pouibh ﬂ%ﬁtrm hotum m 'M mﬂ hngum use is that

wmetaphor is wcmu. Ve tm m hw we pronuublu
 have to cali Inwr Wmm ww&wmmw -ilnaritu md the
points that sre irrelsvant. Once the semses of & sord ars knoun, houever, 1t
is not clear thet the closensse of the ihifﬂrﬂ‘m h s inportant snymore.
(Thers could ‘be the ususi mﬁtu o# 2 mm mnu of storage,
unifmlw uf rmutim, ste. - bt H hnt ﬁw th:t thu- inuu ere
" retevent.,) This mfuot ‘of m ond rmkr m wnmn tm polnt
thet ‘Llanguage usags s to be lesrned. (hen e ;M ‘Att;‘m Eu;m in
a technical senss for the firet tin. w mﬂﬁm W uith ] ott o!
Possiti1itiss thet can be evaliated t6 deferuing which t::l?c!wmt to the new
usage. To mendly wieth wetaphioric ' lm“oﬁwmm sorts of

' tanguege uee, “then, 4 Geductive mtﬁ‘mmh be #ble to inspact and
#ter vord defiviltions lor sous wode! of ‘thew) mdaul noed the mral
Wity to rewsch by anﬂuw |
Idiomstic sipresalond hirve Tost the freshidss oF Weir mcogm and one’
might contlude that the original venses are o 1m Televant. So-o English

exanphes wight te ’M takun N0 cane!™ dnd “He ues boulisd over.® 1 have no

ides of thé oﬂymﬁ ‘sentes of these, IIM Tt would problhly 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 Besuctive Companen
© understanding. ‘14 is described hene for "f.mg. since it uill be
ocbvious that such'e-stheme iould be inpractichi” ins yerking systen. The
Progran requiras that the usir undihebend the tat g m Ahe. information
that uould ordinestly be supsiied by & dalictive cimisimnt. By the time il
~ this interaction-tes ANain place, the ueer Gould Rlwe leng-since transiated
the tewt by handi  Nevertheless, the dniotive. bi-{en mttm does sllou us
10 gat an ides of how the syeten ueuid behave if Tt uers Nore complets.

After tha senatic colponant he produced the peseidbie representations
the user e m&m decidn which Wmmhmw Tike to send to the

¢~<4 o

‘generator (hy tgping In & ruster), or mh 1 Fike to ses the

- generstor ‘try Tte band lt ait the m& mtn mmalon (by |
responding MLE. For sach represtntation thaY I 45 e ginerated, the user
is then ssked to supply concept sarkers for the nodes uith MNSPEC. Finally,
 redes for noun groups Rinked GIVEN' sad MARLIGHEAR ive Dreasatdd, ‘and the user
Is seked to mmm rodes that dre corsterent. The other information
mentioned In mﬁm 5.8 s riot reguestied rwm nkm ‘the gomntor i-
not e ‘mmmn. |
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Chapter 6 -~ Geperation

| 6.1 The Process of Surface Generetion .

6.1.1" Input to the Generator

Having compisted syntectic.and mtln analysls gt an._input. sentance, ue
.are now at .the point uhere genecation of. an. Engllsh seatance Gan bagin,.. The
first question ig: just what the. wrtlnl Wot&xmw@hm as. MQ input,
and .in general the ansuer to;this is et difficults e wmnt to. uork uith the
semantic rmmutlm that has heen: mtm;m. lqugmm the mtlc
_reprasentation, overy aﬁoﬂ. NS -nade..te: MM :an-such.-informetion ae
poseible, ulth the hope that ml-;m#d_m;mﬂlswvw - the. generating -
process. As uill.be discussed helow,.the semsniic reprasentation .le.in fact
not adequate for every eventuality, but it still comstitutes. the majoc. jnput

%o the generator, . e cE

. One could. mntlmawtm Ahe, Mlg rwcmuthn 18, 1be proper
-input for generation. For mxpapie, wben trenplating writtep German into
English, 1 find muself using syntaciic guidmnce. . One. leok.at & prenominal
-clause |ike "die wnter der Haut limmlm"(lugrg;m.'tmmtm
skin lying calls”) mdfr.lltivg_.;.!m{,;;'/ or "that” games. to wind. This use of
- lWu@aw?-dlpML,grmlltIng‘,rul_q‘ or heuristice. pay.be. a personal
idicayncracy, or it.may, in fact, be ons: of the shorisyts that people. often
use uhan translating, A oy rats, rulss depending on the relation gf source
to targst language were not used in the trasajating sustem. Thers ssemsd to
. be no case whers. this uas necessary, since it uas.sluews:possifie. to. forpulate

- semantic rules corresponding to lar

t suptectic ones...
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 6.1.2 Comparing Gensrstors and-Interpratrs |
The surface gensrator uas written in an.sxtended varsion of PROGRAIMIAR,
generator were built for tuo different naturat fingepes,
‘thew to h! Hentiosl on e [ ineforsting Beeid =
“sven Lt oniy 8-stngls lenguege wers inweivid Sare, e

- $inoe the interpreter -and

Wit ‘Not expect the

both 4iti | be using Hingaistic intirndlhin:i
of the (anguages Tavélved. ‘But ditierant: mmum be - m&fﬁh -
‘di Frerent tinee A0r the tuo Sroceseesi” A Jilarutéter gy tave to ‘detey:
soveral pracesting stees until & Loch -wibiguity ten Seresolved for,
ai»tormt.iniy, N‘m try one of m.mmmmgmamw A W@to&.
o the other hand; 10506’ not 'nioeassr! i have Ko doRietn TRESI 1 Ui th-the issus
of ambiguity at #if, stece sif of the MM RIE % wmhm- ‘in
unasbiguovs ford tnok the somantic reprabion " Gee, T am using focel
 ambigulty to meah mlgung that w1l be rﬂ!vﬁ‘*w e time l pu-w his
“finiahed syntectic aiysie of & seivtancei’

i oa 119 A sdittten, il le
the choices: mfarmiug and 1terprait Lol B8 cohpiir'y she, the- ratative
awtm of the choloes WL aitter: T interpriftel usss its’ Widﬂg’ of
grosustical mm. Wite acmr oty uiiaﬁé 1iké!thood " to
mm which choloe: use ade iy the aul ﬂﬁu"! mwﬂor. on |
“the othet’ hend, bk 3 —— ""'TW& Thtentied. " 1t wist ske
choices to comuriicats Tty wassegu S NERCY Ive N BNl A TN ek, grecefuliy’ and
unawbiguously. e can thersfors swpect the tuo pracesses to differ In |

relative timing and emphasis.
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6.1. 3 Tr-amlatlon ond Gomnl-Purpou Gmrgtlm

Iy »p,ﬁ

Several ti-n alrnq I rg}m nformgt w"&W Jng eoqppmnt as 8

to the
ey 53' PR

gnnonl procuo of urtting toxt n, one's oun lawm’? Thp big ¢ diﬂorm i

_particular, hou doss the ganeration pracess !,!t"‘!»w .

(‘5

that the Wator in the tranclgting qptu is otqr i%ﬂ-o‘ e mp[y

o

specificd semantic _representation u mlch Is Jn ngot coons ( uill dl.euu the

~sxceptions later on) unchanged by the ge 3""#‘ ’n lct of dap
organization has alrudu bun dore by ghc tln q@ a mﬂélﬁ%ﬁgm?r@?tlon
~ can be produced. To write the orlglm oo g&ﬂg .;L:;:, the .

Wﬁé '.s ﬁj!?%”"
! to by chosen, and decisions sbout the
et E&"Zi 5

o M Bk A i

a ~g,g3t§§£ _?’;m t"gp‘{d am%mmw%itﬁm“

ont 5%"' ltw in rathqrﬁqiuﬁpncu.d

Mays. The Aaurface generator in thggsrrognun!“ .4 gﬁg%o!% gg\t.} ¥Jir\ most

cases, | havo to comldor thgu cholcu . mgﬁghgﬁfﬁilgg’:;ggﬁwlfhd in the

semantic repnuntltlon. In this sense, m&jf;ﬁglf?ﬁzgﬂglgﬂm is

« "nfor-t..mwu:e be aseesbled end, If it use, lou-level, ;g,g,-o,-t-d-

stepe mmmﬂz"“g ;

easier than its more éwal-p&pou counhrwt.

I should note that in cganctorlzi gg\gnﬂon for trensliation as
TR %ﬁu [3e] &w

general-purpose gomutlon linus_ ocn m ol o 1 de not uioh to .uggut
i grii H

--#' SR ;; », hgua{ 3;».9 t‘

that tho unntic rnprguntatlm und m necessar il orn

S B TR e e an A

i t l t i o act, | t that
n ornduto ovol n thp mul gcmnt g@gr cef m}g 2%5 L ?uopg::

m a gnn.nl-purpop mator. up u?uti % gvﬁ?ruto -ueh Ll hlmw

I Sl G

| organlzod umtic rupnggntation “"”&ﬁ"“ﬁx rg:w thgy !glu!“
grmatica! level of tho targgt quulgl. w* uuyfn‘*mt urgrin ne, thon to

SO mwy

_see sumtantul dlffor.ncu _batuesn the orgﬂutﬁ_lon q,g 8 pnqnl-pur

“w% SEEr BTN T

wmtwwmwsw described hers. . ..

gy 4 s h e sagdd
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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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qomrl‘!‘ien: tres. and spacie! functisms ssre nesded to spacify the nodes tg be
addud to the trems. ~The first task wee’s retstively sinple one - generation
tree nodes sre definetf ¥ earriing W' faltauing interwition:
FEATURES
© Tiw ayntectic testures of the unit -
ROOT
1# the node 1a & terwinel onw, the rent of the word

trmm
 The: phrase geaerated for the uslt
 The deughters of the wotls In reveras srder
- SEMANTICS |
Ave: sonantic neta: for whith the unit use genavaited ,
The inforsation ot: 9-nede way.de read welly the functiony FELE, PH.E, H-E; and -
SH-E with the nate es srgunent. - Hare, N6 “E* stends %¢ English end s uesd
to muintain mmmnﬁm thie mm trowahd: the Gernen parve
tres. Glousl varlaisios arslogowe 16 thoss for. the:parsd tFes are aaintained:
G, MeE, #tc., with the obviove mesnings, Tha'wesssih varisbla mechenien s
the sana, ané o0, with Sous Suded coUN, ‘e TN BikBup filction® POP and
PoPTe. | i |
A node is adeed to the generation tHw auch # in parsing, #hd the basic
function for thia ia TRANSL., When TRANSL is callied & node is sat wp, and if
TRAVSL succesds, the node is added 1o the tree. Just as uith PARSE, a call to
. or the call nsi Peqaent’
towical undt tike NN or M. Uniike  PARBE;  the ¢al'l te’ TRANSL also containe
the mams of  note in the seasntic reprewtrtutivh fov- Which the generation ie
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to be done. Alsp unluugm parge tres,. the deughipes of .mdqon the
generation tree .do mt have to be Mamr in.orger.. 1t is possiblie to
shecify that a node.be attsched. wu in.ghe. 1ist.of davghters ot the

currently active nod. “A call to TRANSL uith L] clmgr grovp-Rape causss 8
ca erespendis ;Emlimwmns specialist, sad.|ts sucases. or
failure. mtwltm the Mngt follure of. m M;m is. col#od to
generate a -lngln uord. it muo s prmo mlgtﬁ; sith. the- cmapt
‘fnqulr of the 085, RSS, or. PS5 1o,be tronalated. . Thess 4mum1 mosgw--
ull) be discussed wors fully below. - e
. The generating routines invoked by TRAMRL. $o m,ﬂ graups. logk. m
much (ke their intecpragive counterparts.. The: bagic; statame
ROGRAITIAR branch fungtion "1".@) thaugh: uﬂ%'%@ $vo-uey- brauch,
’slnca it is not clear ppu ihe threa-usy branch should. %dﬂimﬂ for ...
~generation. The. ‘“W“mﬂmtlm }ing CO-E and msimmm-“ .
those in PARSE. e are F-E, FO-E. and.releted unchisns, thet add Intaenstion
. t“ node, At the outset, it is mﬂ,wmlu‘..s!wﬁxmw't-wi'-s.m-mv to
construct a generation tmﬁ*"“”’ﬁdimmé’ 'Wmtéﬂ inforpation | ike the
"'S—?”W of an adjective gr. object of & prepeaition alious the_grammer.ta make
 decisions based op the sfructure. of the gmegated sentgnes. ot. that point. A
:‘.'_‘”.,. 8lso permits wasy jncorporation of backup. should. the genscation. process

t tupe. is ntIH

run. into. difficulty.

6.2,3 The anoutlng Process o ,
I-lherc the mtcrpu&tr oved Isfs to rj,wt Qyer & mtm Ahe.. Qe
_mxcahﬁnica' ly toprdoun theough the sassntic cepcessnistion... That la, . the
generator moves top-deun: through the LINCAGE. cegietess, and #t.each 8tege.
atter participants have been transisted.. it seeumases through.the BUBIELERS

ltor
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links. An exampla might be. the sesidst:uay: ta explain: the transitions
totiim fort |
.~ The“cephalopod has yeliou

involved. Figurs 5.1 shous the sementic Pepke

~ RSSL} which: in turn calis the syntactic apetintivt CLAVSESE. ~Since ‘thele * £’
* tags are no doubt: distracting, 1 will. ignors thew fioN hets oh. Ang routine
mentioned in-this.chipter i part of the'English companent uhless otheriiies
noted. The main.relation (here, RSSL) 16 sivmys’ the topmiost Tink in the
semantic repressntation, so 1t le specitisd mmatm gall.” The first
decision. in CEAMSE e whether to penersty an TAterrdgitive, Thperative, or a
decterative. ctww the: CLMJSE-TYPE peglatir ‘ot tha sain Felstion is
checked: for | ts recommendstion: ~Since: hers the éliusi: tgpe is "statement,*
the gemerator folfous the declarative path, placing the tag DECLARATIVE in the
currant node C. The ‘tag- TOPLEVEL indicates thet the riods’ gerisiited wulii not
“have & parent on the trese., Next, CLAUSE taiis mﬂirmroutlmmm
' andﬁuMchfwn‘xbh- call (TRANBL VERG'fvE-S$I@0E: RES1).” Note thait In
Engmh. #s in Germen, we ull} follow Hudbor ard SheaK>s¥ s Verb phrass
instead of a vmi m The generstor transiated fhu BIN verp firat, since

it s the m;‘to 't,h;ckormmg of the dther consti tudnts 1h the clause. A call
of TRANSL wuith MVB will return the verb node snd also returns @ participants
list uith the grammatical structures that the verb expects for its
~participants, The list has besn ordersd, tsking inwlcbomtthuobi”“

é8, and uhether the verd

required by the verb chosen, the m BF the Senthh
is grammatically pessive or active. VERGPHRASE sheuld also go on''to generate
any ouxilisry verbs snd supervise tenses, it wwﬁmﬁ-mm sctive and
paseive mmuetiom ore handled right now. < ' '




17
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' The participants |ist returned by the main verb is in the form of @
series of calls, and the clause routing nebd only exetute it. CLAUSE does so

now and calls:

The BEFORE here ind dunlgroup, since 1t uill be the subject,

should preceds th% verb MM? dheratid. m fﬁﬂrtm indicates

nominative; other Kngnsh .yamuc cases used d‘t mJGc’tJvn mPDSSuuiva.

FULL, as in chapt&r 2, nhéa tmt al rﬂsﬁ!f!dm el'ow mh! generated |f
 necessary.  In’ Tedhalating the % ‘group, t -
COREF = regiuim‘ &F‘”ﬁMWriW it W Thmi” ‘
Will often dppeh&-»m thuuord choaei ‘wiide far ite toctfers _
calls (m m ma; It is cmr mﬁwm wm to

translate the minimm tirst, since Lis choice siil. t.m to

;

ce In the mrérm-. muw obviously true for

I m*&.‘; :

: tieat pomults the

I uord choice

Fc‘h here NG

lnfluancc m ;
compounds, uhldtm ebsorb OOII qf tho noéifm For any sort of noun,
since ue dq mm &om—to-om ming mmm vconcopto. the
generator MW& ﬁ% .h\i?ii!ng tﬁ‘f "3 .

b e

nodifior-s. lt m noot m €o mpnu Mmquh:umu in terms of

the noun to umth. At any ero. Mm ‘has buo transiated, NG
goes on to traﬁ&im lodlfi-ﬂ Inte the Mth- and po-t-noﬂnal
structurct. uﬂng +rules based on smnﬂc ciu to“dt‘) the ordering. Our
example “écr cmow§ﬁs oﬂlu a detérminer, which is generated from
relations’ u&t& w%ﬁm and W teking tho cttiwru given-neu into
onsider&tipn.‘ Sincc no rclatiom rmln. TRN& cen collect its ruultn.
"the cephalopod." m the noun group nodo under PHRASE. Both the subject and
the vcrbm mgcmritcd. 0 Tm can call the routim AGREE. AGREE

makes uorphologicll chmqu to tho vorb root so that it qu agroe uith the
/ :
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subject in pereon and number. Notn that 1n Emlhb. Agrasnent. s ®
complex than in German snd that AGREE hae 8 much sagier. ﬂn than, its

LFENRE.

interpretive counterpart INPUT, since it doas not have {0 go.sserching for an

unknown roat. . ‘ B T

&

CLAUSE is nou ready to mau mmt mtr%a,in mo vorh.mda .
_shopping list, and It turne gut tmt”umggtggdimt phlect. . The exemple
finishes up as CLAUSE makae @ second eal | to- MG ulm (Tmmm 08 .
SINGOE: 052). NG wiL! generate the sain now. fron PSEZ. Shen take care. of
the determiner, and finally coll (TRANSL OREs, snown nadex, SINOGE,
}hgz vp dirsct oblect NG call m \
returned, the generstor gathers wtmw't- {rom the FHRASE antrige of the
constituents, makes a PHRASE entry in the clause node, docldgggm mtmtlon.

. RSS4) to generate the adjective ygl|gu

and returns from CLAUSE, T L TY e

$E b

Thlo ua- obv!ouolu a relatlvolu olm&g wlgﬂmw mﬁm
grammar can handie wore couplex’ cﬂu. Bafdrd HirtREF 31‘&6’»‘?0:‘. howsver, It

might be a good Ides to teke a look 8t the“échanisd for uoré cholco.
6.3 Translation at the Lexical Leve!
6.3.1 The English Definition Routines
When TRANSL is ‘catled to censffﬁci*a*té‘fim-s nade In ifﬁ'g.nii‘r'ation
comldontion and then rotriwu.hgn Engi,g’qhm l,mtion ro\gtlm,trpgziho

concgpt.' The definition f,gw_ﬁmg.ggn;gmmml,m to tha eemsntic
specialist routines in the interpreter, I-lnn “the' nnnﬁc opochﬂch

inspect the parse tree In ordor to imw a nunth: rmgmhttm-,

English definition routines start from the.sewsntic .representatisn and use
special information t3 not ohly sipply & nods for the gegeration tree (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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- Acall to a definition rnutlm wguld M&Qh%‘% , List of M”JMI
definitions, sach wpreseed in terme of mm& AW Ahejr. valuss,. . .Jhe
. possible doﬂmtinm flrnt g0 ttyot@ A pralinipary round of Slinination hased
on the part of speech required in the TRANL. call (matd Mmt FEAW)- .
a match on connptations (Lt CONNOTATIONS, iy sat i%%m;gwm FIETANTY
wust match the connotations in the asentin nad,) Al an syalpation of the
|CONDITION procedure, It thre is o, dn tmwmm;!!m t)nitions
are also scresned for ORGER AEWPASS g, LEKACT), , 1VFE, 0ORE, O, 1D,
PR -
screening, a definition with the highest @'M%l,t*,&lgﬁg%%pr, 1§, there
are several definitions uith this probability, the first one Mtw-d is

. stc.), agreement, uhich were disc

used. In the English dictionary, the prebablnﬂu are oaproug «"NM‘"

should be tried. Prosebilities mwen € VL

procedures that check context and rot ;

ite features are added to the mm;- rgj gfﬂﬂj(’ muﬁnlﬂm
lists that passed the preliminary screening sre p%ﬁﬁ“ﬂn LEXALTLIST

. register (lexical alternative n}g) on the node in caem heckup .ia pecessary
later on. 1f we are transiating @, Lelation, '“M&!&M&! shopping Liat is
also attached to the nod- Fing|ly, the root of the English word ls m;yrmd

to TRANSL, uhich tinishex bullding the node, ca!Ling.Aecpnelogy rentines, to

The last section presented the eimpiest cass, uhers 8 concept macker ie

translated by a single ward. The definition routines must v.'” 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 =
NOM

m ’ .mm GSCTSTY S

T % o ot

- sxm'mmml“ Sioa S m ot
ARGSLIST is an ordered list of arguments of the RSS to bs transiated. The
definition procedure will sst up a registér “Fo sPiod iifti ko B0 Sibe 1 tuted
for TREQUIRED-PREPY iven ‘the repodl tion “Ti 'gétéfdted. Note ‘tHat here and in
" PROCEDURE, ‘vis ‘see ‘s’ spuctal Wort of ‘¢l eem* gAY T8 .p.em.a in
a TRANGL GalT alidig with & bact of ‘sidedi; the BéFiATtion rod¥ines ‘e by-
passed, and the fiods usbs the BEATURES, ROOT. and, 1 ¥ gTen, '(ie WORD ‘slbp! ied
h the ‘cafl. Simitartly, FF% group of cidube e 16 He Wand ifel,” (Hih the
keyuord GROUP can be used, followed by a Iist of TRAMEL caiis and other
iiilole to by-pass syntactic
specialists. Note that we do not hm éa mng specify the words in & group

functions. The GROUP feature nlm T

when using these features, for m&c the preposition group from the
participants |ist above: - '

( (TRANSL PREP e : o
WORD: YREQU '
(TRANSL NG SITPLE 08I T
SMNODE: <semantic nodo of ueonq li"qulmt bf

#BEFRIENDSY =

This call says, “Transiate a prepositioh w’ﬁbhlooklng q{ the nqdlrtd

i

preposition and using the sscond vm%“

,,,,, © e

NBEFRIEND to product ‘a_noun
group." This ability to by-pass definition routines and syntactic specialists -
is extremely useful, and allous us to write efficient detinitions in @

- et vmg al ERSEGEA megn Lo L oo
ralatively ecoriomical meniér. THe one drimibieck ight be the Humber of
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features that must be apecified slong uith the uor;h; but 1t would be

reiativeiy easy to incorporate Qj ,‘

that the participante H;tn hm i s

patterns would M"W QM
aituations that cm w0 )

6.3.3 Semu m-rc. am Hord

Tm cane juet diecyeeed | teoived qne. W* mmww A9 several
uord; Lot us. pox- ol s «lﬂlﬁ ot ogee. m;

VCGIQL,?V N _and PR KRE & ) %m “mlm,; plm of
,. u-mm rmm cem mmm m&gmm&&m of the

S Fisurq 8.2 . o . ,
untm, and then W s ussd to tall ﬂgmt 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 procedune:succesds of. fails.,
Once.: the condition has been satisfisd and. the definition Is chosen,
PROCEDURE is. executed: to tell the gensratiy
airesdy been-useds. The,only;patat uee st aentieniog sbeut. PROGEDURE: |s. thet
ite: effects must: be- | inited to. the.node cucrantiy mmmmmm by the
TRANSL call. This.is-necasseny, to.4nen mmm mm a.node is
Popped: from - the: trew; we-uant atl the.c patralM
generation prm to. disappeer: with it Ihe.dd ;m%m on PROCEDURE are
currently self-inpeed by the-dictiontey uniter; sines: Vs ayptes makes no
checks on:uhat is.being set: o EEE

" not. to trg to: translate the

), since this has

Tha- tio. ‘detinition: nethods- dim:m hees. diu the nicumu routines.a
great. mt-rbf‘fpmﬁ “The methed mm in ‘the: !m ssction: al lm the
'gemwtar to. trometatea. single markee inte: clmiﬂw pl'm mnn. or to a
whote clause 11 1t is desiceds the. nethou In this ‘ssction atiows tm
generator. to hangdle. rdlﬂm wttcm m oucb qm which are
defined as MSOMETHING pius. a relation, in this cess “somnthing thet
indicates.” We: cnrf:onbtm the: tuo methods to. iumilcwg pfoce of semantic
rmmn.tataton into:More. than m-ﬁﬂg!:i‘gﬁ::mrdl uhich 'dmldv bo useful for
idiowatic phrases |ike *Strike ubils the. iron To-hat.* Given this generality,
the uriting of mnmu routines is rulaﬁ’vcfv .f.pu. and . it uill become
easier whon more:stenderd. pattm and procedures |

ﬂ"l W“f lnto thl
- gemerator. AR

6.4 Stowd!ing Blocks in the Gensrating Process
In the exampie used to nxpuiaithomtt ingpregrn. “the ﬁoﬁiﬁtor uas
suspiciousty successful’ at esch trensisting lﬂﬁi. This is not aluays the.
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case, and ssveral probles situations uill be discusped heres.. The firet is the
need for backup, then the issue of repetition, and.the prghism of ssntence
length.

6.4.1 Backup _ o

There ars savaral casss in wlch backup s m -The most obvious
is tha cass of iexical gaps, wmm;. mm Aarget languags. In
general, if the first trmlq.t_iop, QMNM“}QM not sucoeed,
the wgtor needs & uay to.try.the ,ﬂmgwmgmlufm.y The
machanism supp!isd to handis backwp .in the genscater: is @ fairly genersl one,
8ithough 1 have not, uritten encugh backup cede et thinpaint. to give more. then
an_initial report on. its. performance, . .the wmu W v wind that |
~am discussing & faciiity.provided ta altou the siesigner 1o ineonporate. backup
into programs, net.a full-fledged backup sechsnise.. .

There are tuo lovels in the generator whern migu mm ot m
loxu:al loval and mithin the. syntactic spacietiets - MMMON 440
sets of |ists that are msintained as registers on. nodes. far. ek purposes:
 LEXALTLIST (the lexical alternative liat) and ALTLIST. Asstpuotural.
alternative list). bhen & definition is evalustad.sag: &, 1ng: Ls. Ghosen, other
possihle definition ‘:Uét_.'i that passad the .initial scresning sdescrihest in-
section 6.3.1 are placed In the LEWALTLISE, of .the. node baing srestad.. At the
structural level, svary chalce that might, be indepsndentiy. reveraible. iti,s.
uould not imply automatic reversal of chgiqes nads sar/ iar). Lagves, tracks. on
the ALTLIST. Thess tracks consiat of the function in shich. the choice: .. .
occurrad and 8 statemsnt label ubere code for. the Alternative.cholices.bagins.

1f the generator runs into difficulty fl.e. ahl goesinls TRANSL calls at
a given point fail), spepial backup. rautines are .callisds. . Jjn, general, the.
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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. l do.ngs have. m m'm!. Hith;the
_generator to judgc the desirapliity, of. this, sch ”v&utqgg -metter yhat neu
wechaniems are introduced, a backwp peschp iu?giu m,}mgrmln ”m,, |

P U

B AT e R

6.4. 2 Repotltlono '

The phenomenan qf rmtitlon il}pagmtlaug c;glxlgglq;grgqlﬂ& thet
lc. weaning e not gffgc;gg m;m&lmummgm M&aw%””‘mm'“
distracting. For axaaple, the first sentence of the oame!e RIrggcech centaine
the phrase “ein deut!ich sichtbares Zeichen, . Top.ugrd,tist far. Alshtiag here
containe yiaibla. § ., 309, SLgARRE . for. deupiioh,fbe. |19t 1s,
distingt. cleac, nmm -m syldaal,. Hou oe.)4:hognene.shin.la.tcaes)ated 2o
"a cleariy visivle indigation.” put.upat. 1§ £9F #eRs 8800 the geeecaion hed
chosen avidgnt for aichipac?, Supposs furthar. that,the digtionery.only....
contained one transiation for deutlich and thet one use gyident,. An ...
_'-vfd-ns.lu evident imlsasién’,.m@aamt!ggxfl,,!t‘cég&;ms;;mss%bi"ﬂ- 0

..... &

the ADJG routing had better retranpists. m 4ry; 30 cone wHith, .

} sonthlng a |lttle Igu rmtinn, . st @anii r s res ,
~ Not all repetitions are mllu,mym,? 3qu anepple, ttq:n ,_tngo ina
sentence would not be noticed at.all, while thres hovaysr's wauld not.be
overiooked. In addition, some repetition of.clmme sirugtire is.desiraple,
®.g. uhere p@f:ali!;gzli,_!,g;n,!la,?y”dg,gli,j;}g;tﬂlg!3.“,&9."«!%%&&%@%%“' ‘“'t"w. in
function tend to_Lnfluence. Judgeents sbout ubas In Camepitios:

(i) He vant to the 200 to talk to the elephent. . .

{12 The probies wth mesting uit, the.Based I

is that Harry Won't cope. | 7

slam sl B RER: ot TR

Hers, the tuo yith's in (11) soem wore prominent tm,;tp three, ,tg q in H).
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This seens tc be batause the second fo hesds sh Idjunatclmrathcr than a

Doy omm s s e

prefosition grodp. The tlestion of ihich rele ﬂ‘tdiﬁ:.ﬁﬁmut‘twa, then,

is not as m.imwa a9 1t oaid ween.”

In considering repetitions, let us’ ﬁi‘ct make ‘tha’ dtntrmﬂm betusen
structural and lexical onss. No efforte were mads in the system to mu
structural problews |ike repetitious clause tupes, repetitious use of
" conjoined structurse dind other rellitiveiy high' Im? m H-uruuco
to handie thess eoFts of repatitions”ubiila e REbibeaky for a Eomplate system,
but | gaw this 1ol pFiority here.  This deblalen’ dss Gaséd on the -m-puon
" thet enough of the vaFidtion In the' mgw ‘thikt seould“come mough so that

R e
N vl A%

 sentences in or ltrucwl‘a!lu.
the “di tferent m&iulﬁih s ahuﬁ‘w mgw&i mmue tw“ - the

74 DT mern

repetitions: ¢ - S Taniant

'For lexical “repatitions, another uéstul amfnmoa {s betusen function
words and the resti ‘Function wokds’ ird BrbBesitiohs, ‘Binders, and
conjunctim Since they form 8 clml 5‘%; ?t mw be’ prthrablo to hondh
mw mnctwﬂm. Rather than Satiup. Lot ub eﬁé’iﬂmmtuo

e proposttiond! rephtiilons,’ the auf” heck of thiu ‘Sort currently

wh"4" piipoeTtion 16 to°Da giaebetdd 'ty ‘the systés, the
" prepoeition group ‘spectaliet ﬁnnmm’mﬁuﬁuﬁfm $m ‘oomntcd.
steppi-ng ltluﬂiiﬁél mwrm‘“@%“w jod o¢ The' ‘najor clause,

whichever comes firtt.f?awwmiltiﬁwm?m. jgllct of thc

“implenented.

prepositions is made, With thoss that'uiil Be hblrkét ¥ our new preposition
group sppearing first. The call to TRANSL - ﬁ"”fhin Iidi mihﬁ ‘ ho thlt He

have not yét distisests
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, ‘(TRANSL PREP MJT; (prepl prep2...) . mgﬁmﬂgm}

,Thc NOT: dirgctg th. dlgtlmghrwt;u 19 ;’;a to, mg % ugng ;nnimo.
It there g 5o ather ahalge. Avaliohie,.the gwmtem wnv&&f%&l'o

bup the detinitian couting Wil it REsaibe 48 MERM.S Brepasi tien from

the end of the. mgy rather Ahen_ M!ML&! .. thtg-wu@m

_the _new one. h; the seotence, Thgm mmmuu,mmmwu
for words,..but uith spea_revisigns of Mmtm&smwmmsggmm also

be used to avoid structural repetitions {ike those deporibed.in the. last .

Cparagraph. . o s e e e it

-For cwtw; words, . m us, !ﬂu 008 ﬂﬁﬂ gmm&m betyesn &m' °'

- about repatitions avenn peum areves. ot Aewwgmw@m ot b phink
- is involved .bmwlhepmmmemmmmwmmw;mw ’

coraferential .ooun. groups,. : LAscan ejihee wmlum grmm i th
the as determiner, it. m,%am pive: AR LI 8 -
pronoun. That is, the mtu cen refer bnk to "a blg vy octopus” as

either: ‘ . enpanyand nesed goo ! aen
”) ; th.h"«:"“*“m%” g g ey R 9 .'*;E{J};%i::‘ R ST S
’”ﬁuw thi.%mm LTRSS _‘ seiramey s ob L oL L
COED Rt s sta s sastaen

~ Na_ghecks ace swmm Wadn shout 91bec. a!am#&» e RAragesph. thet might

have sinilar duqci,nﬂmgg A .sonbiatineted mm mlgmm be abie
to ueigh cacatully-Lts. qealoes, m;smmmm dinteace from

coreferent. QU Gr.OURS am-mwm-sm mms. ol .

rmmivm». « Ay . mm;m fc-; mtmm‘m mm-
.. therefore, -szl have. 49,50 mmwm R mmi&k% oy

&,i:carefullu. T

e et e nEy ooaT e Thel gednd ses el milonng




ALl ‘the Test of the content werds Like G "séidentiy evident® example
are handled using peckip. The Beutietis oo Antig used 14 that i1 the root of
an adjsctive, noin; or verd is W Wiihers ﬁwm.mm.nt of the
main verd or 2 -welitFier of the Mein clinte, theh 86 dttapt Whoild be sade to
~ cerrect the witustion. " This Yavolses m eesliniicy ousék of LEXALTLIST and
“then ‘an ‘atiempt 1to reptice the el or ‘niiwe #¥RCIS. 14 thie doss not work,

the repetition ts cuerentiy fett ws Is, bt it unitd'né poissible to initiate
The heuristics wsed here ars sbviousiy wery siaple and |inited ones, and
e wouly be to tmitd inoe sny beelE atictubll SR inical heorlstice as
© possinle, then Ton the sgatén on Stee tent. THis.sodi Give the designer a
Chice t0 ‘Hacete ithe inepstitions ‘that Motudi ) snind vepetitins. The heart
-of e protieow hevte Setes 4o % tole’ *HHWW‘*% oe ‘goed Yuiur Iatics
ars tound, “their taplesentetion shiuiy e HC

6.4.3 Those Long Germen Sentences

Sentence length is a probiem that amane -tifvial anti] one starts to think
about it. Bound up in the questien "ﬁaﬂ &m M&i“ﬁl*ﬁntm ba?" are
luuu of the sentence’s role .es.a carrisr of messeges. To m sentence
“tength we-have 4o knou uhich ‘inforsition ol B letely ‘Sepsratis ‘out dnd which
I8 assenitial 40 the integrity of the Gessipe. AT60 livo1ved hers are
questions about howen Nelory Gepecteics; My nethed ‘of eefitential complexi ty:
must take inte mt uman Mtﬂ-m SenDry -aind Proce
‘BometNing thet 'is comptex-to ohe sort of systes uiifﬁt%" handied uith séise in
-a sl Fﬂum diﬁm! one. ‘Thus, uhen e ¥r{ ' te ‘diteriitne uhst size a sentence

ing 1 InFtdtions.

should be, we hmn ieft surface matio« and are reail ly t-lulno sbout dup
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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 sort of comprehansive ansser to the problem. |

The first question that must be seked is."Hou long Is too 'l'ong?' which
should be immedistaly reforsulated s "Hou mpm is too conplnx?" 1t is a
common observation: that itunﬂ\m structures m mm- for pooplo to |
understand than. recursive ones, Ludnia Aniners (aii uarns agmmt the dms
© of "mmtrmt.iw. or mmiw mzm of cuunn. So Imgth alone
is not the prnbl.l hers, anheugh aft-n. of eeuru. mlnlu comp lex
sentences ire also mnlnm kmg. Lmth u one mw ln conplnnitg. but -
not the oniy ona. The recursive otructm mtlm. ln fact. oxupllfu ons
very Iuportnnt mtributor to eenplwitu. m l m of thlm are
“started but not ﬂmm we can expect the mmm m.a to.be hlgh
Smilar. but not identical, is the mimdtu mtrm bu hlek nfcrcncﬁ.
It ue hav-. uu. thru back rcf.nnen In tho u-o mtmg. uo aro not onlg
thﬂng potmﬂ&l ubiguitiu. but lloo thu mmu of cl-ply nintalnim
the |inks batusen coreferent |tems. The mmw introduced bu -
unfumiar- word or bu cc.p“eattd Mtic mm mt qloo bc nckamd ulth.

Smtnnthl mn«lfu seens ta be an tddﬂlvo phom.mon Sou mt-ncu
that I consider too cmncltad in Emlilh cm to h‘ difﬂeult not b-caun
| they contain & dingh eo-pllcat.d ntruntwc, but rmnr n s ruult of a
compounding of complaxity. To ses what | mesn by this, consider our prize
exsnpie sentence end & transiation that p-umu hn mmtm argnnmuon
of the Germans S

(i) Ein deutlich nlchtbaru Zeichen for die in N.rmmtu vorlaufmdcn _

Eregungen . iet -Spisl der. Lhronsieghoren dar Cephglepeden; . jener unter
der Haut lug.%::n geib, lwam. schuarz, violstt oder karminrot geflrbten

Zelien, die qtm tyeder . g Anesh eadile . Mw
Muskslin ¢f , ”% ausgebreitat wen lﬁn

(Y A clserly visible Indication of the excitations that run through the

nervous systen is. the play.otf the cheonsienheras. of -the oephelepcd, thooe
yellou, brown, bisck, purpie or carmine colorell celis that lie under the
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skin, and which either contract or can be oprnd out undor th. .kln
surface by radially affixed suscies. - ooagi |

- This transtation uoutd sound better 1 tﬁé%t‘fm mm-m used, but

PR BT
e AR

what about the foltowing?

(i) Ein intmﬁnm Batopiel daventétidas Sgiel ‘dér Chrewetophuren,
jener unter Haut |iegenden gelbd, schuarz, violett oder
karminrot® &mnﬁ "Zattofty Ci.‘*ﬂ'&&ﬁ&@’ FaNon s cr-ch
radilr anutzqndon ﬂuckcln Ntchmhggt i wg;tct uurdon kbnmn

“““ Baie N pelievmaer dee : :
(ii) An mtaruting sxample of this is play of the drmtophoru.
those yel 106, brdan, Black;"ptkple’ of “Corl m: gioﬁca c#tfe’ Rat-1ie
under the skin, and uhich ejther contract or can be spread out under the
skin surface by radiafly atFidd wieltes, "o 7765 Hot 7

5" For thersore, ‘1 oe

To me, the English’in (i1Y is ¥ine as° s Binglé senten
not overly du’tur‘bia'w’i sentefes FIKer = €T T i Ea o pareras

(Ti1) A clearty visible iHaletion of the éic | tat ond: thirt run’thirough

the nervous systen. is ths pl of the atopl of the cephalopod,
those u.Hou. ‘Brown;” black Mg ~ ﬁ%"*-’tm m.ﬁw the

skin, ke .
0 o = ER TR SR B B B ELETE B
Thersfore, it sesms, to me that no one atructtg-t !ugg an embedds om) ‘can be

considered complex exgept | ulth rnpo;t to i c_‘eont‘uﬁ ~~«u-.~,‘§" clm can

355 BERLFI TR

tip the balance in an otheruiss accep

sentance, put e can not pin, the

BRI B S SR -

blame on the cl.ui. sione: It is the whole sentence (st fesst) that =
contributoa tp juwu about m;oxitu. st BalAE pet on i
It is not aluoyo oasy, then, tQ midq uhich mtmcn uhould po broken

doun into smaller ones. _ln ‘this regpect, [ .think psople hava an .,,'A,!',.‘!!',.‘ tive

t Bpthod of determining

E3a0e

of it than machines, singe they hwc 8. very dire

complexitys, if the wind boggles, 1) tm so-om- Computers, uhoss minds

B e

are not structured in tmmm‘ .gon’t boggle in the same UM ; But even 't
we lack a model of human memory and processing, 1 think it ie F"“?!ﬂg-ff?
derive a measure for sentential complexity, By “'%"‘9 ""“"“,‘W judged by
pecple to be too complex, it<!h°9!~¢,,;'?!.n.m¢39!!.-,te case up ith @ formula -

SRR R e
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accuptablo and ‘which are not,

. Jmk at the .specific casss handied in the sysiem mrd probsbiy be
holpful. ‘but ‘before ‘the "what," I wust ugein mwam quastion | uhqn
-Hhen -should the. transtating sysian seke - these M’ Jan eentencs, or more
WMW ngth? Mm,to h.* tﬂgﬁm Firat, there is
the dup watim apprm !f £ .twt o mﬂw proeno from a set
-okporent, e can include
tion should be, or what
pattarns of linkage can.occur. Alternstively, we can:ratein a surface

of :dssertions fru the data base of m Mmtlvb

Limitations on hou targe or desh & ssNsntic’

generation scheme but do complexity snalysia on the soymntic mpm‘m'tqtlon.
He would boc,asmlm*‘th_o sane. sort nf,immm‘tﬂmgprmlu not
identical progrems) ss for the dewp gerdtion approach, Bt e wsuld be
analyzing a structure after it haobuﬂ buitt, not M thopmc.n of bqulng
it. The third approsth is for ‘the surtece g

the thut ‘ h“ mm &” em'“' S i‘:‘ :”w‘w’. “%,f;&{ ;‘c%lh (t " to, .p' ' t

thsa semantic rmcmto!lm. m-ihiy FetdPmilEting dose pirt of 1t in the

prmlﬂ.
t, shite Whe senmntic
representation is 8 gesture tousrd ISfguigs |Ndepends

1 chose the third altwmﬂvg ‘for the W
complexity of wﬁrmim is langusge

. In'a simple

inspection of the semantic r-prmﬁmtm ‘W Gl tETT Wiether a relstion
can be sxpressed By @ uord, or ihether a eim alti ue meouaru. " In"the
present system, it is sasy “shough, “of ‘Gourse, to detéraing whether ﬁnuh
words do exist for a given con«pt. The potht il. m. ‘that we do ‘hot
Know whether a particulsr word can be Used In the trandlation until we ‘take
‘into account both the interrelationships betissh ‘Ports of the message #nd the
nnguuuc constraints on structuring in the Séntence. |




, . all the arquuents of the rclnlon

uith the mlq -pnwm flven and % msmmv mw- ta. It
_complexity, The heuriatice prasented hare gce alepriy ad hec, and they.
reprasent the only case WM*WMWM*MMM b think they

cxanplo, agaln. uast nEs

AN e mwm e
I S o T R w
Amrfgqo by mqtll Ig aff;mgm;u% i% S leent o
One factor here _seemy to be the swbject of tmmwt ,_,_Mclggrlg vl,;.ibln |
indication.” HWe notice that $ign is a relgtion perticipant noun,. and
that the other argument of th, r-latjon#m&@m 1“ ;hlmdwlggtod) is
present as a prepogition group Clof the W;I% %% JQ cn call o almple
. nominalization (o.g. vy gerundl qr rq&gggué %;igl%gm .qgumg.d" it
et eqiicitly In the neun growe, .|
,Mject of mtm (D) is mqrctqro aatur 53&“* w“"%z: igwp‘uturaw noun
row conteins o pastnoning] renkshifted gugl)tier medituing ony of the.
varguunt. of the relation, ue ¢§u'eql,l,~ig:,3wogt%atﬂy?i The sybject in
(1) is aleo superaatursted, dus to the REQ claues that sodifiss aucliations
("that run through the wm-m;u;l ., o vould mpect A moensaturated
noun group to be a key captributer o sentential coMRLeRLt byt note that
supersaturation alon 1s mot snough_to_gaune.cajestion of 8 sentence (sxseple
 {ii) abovel. . ’ R R P P S
‘A further difficulty with sentence H; 18 the @m!tlvg;ﬁmu that

starts uith "those yellow, ... and carmine colaced gelis.” Herm, two
postnoning! RSQ clsuses modify falls. .e0d, 19 Englieh e would tend to conjoin
the two using and. .Furthecmore, the second pestngningl clavee bers ('shich
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either contract or can be spread vut ...%) “is itesif conjoined by aither / or.
This double leve! conjunction looks | INe & Tipdrting Tontritutor to
complexity, but it is ditticult to tell Where ‘to 'drali the line:’ 1t our second
clause uers "and ubw'c wither expand or ﬁmtnct." ‘the ‘spposi tive would
Probably not be too teng. In (1), Rousver,

S the tuo c&m are not perallisl.
(The first ie active, and the second nmm.) This mntn push the
Shpositive ovpr the lim. Mt m m. M fmt m m«itln m be
considered complex i It goes beyond tus Lavels of pardllel gonjunction, or
‘bayond one lanl of non-parlnal m}mtiaﬁ. ﬂmi mln. 8 ‘complex
appositive alom should not’ trlgaor ﬂ}ntlm ot i il'ﬁiihm “since exanple
(11) above doss not seem to. be too coupiex.

By combining & supersaturated noun ‘group With & camplex sppositive as
detined above, ub do gét 8 tentence thst id tos cduplex.  In déaling with such

a sentence, 4o would swpect a geferator o Tnferrubt Processing if 1t detects

an output. that satistles both complaxity conditions. ‘Tn the case of example
(1), nodés would then be pofped from the tried back ‘fo thé beginning ‘of ‘the
appositive, since sppositives snd conjmcﬁ‘oni e natural places to bresk up
a sertence. Unat o left on the tree (in this caee, ffmﬁytmng up to "the

appositive part of the ssmentic représentatien %t..,,ya;s.,a% Setachel

* become ‘the second ‘sehtence, uith gaferat(oh stiFting fio the top. Note that

clauses, it might be fuol»blol fo r'pmdlol o‘on. of the output that Lss already

generated before the interrupt, lnstesd of dlicerding it altogether. In sowe

‘cases, howsver, this patching might require s cértaln sliount of Ingendity.
Nots ‘that not afl long sentences cani b sl 1{ as sastiy aé the exawple

here, and, for soms, ue wight not be sble t6'find @ division thet maintains

By, S R S T A TR A S A L ety
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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 with a weak

 ‘deductive component, the ability to transiate swbiguity~for-ambiguity might

@180 be used to avoid choosihg betusen different seness of & word. Especially
in tangusges as. closs hi:tortcﬂlu nfnrnn md“Eanuh. it ls often poniblo
language. In general, & agﬁ'uf would have to be quite ibph"htlcltoﬂ to
transiate aabigul ty~for-ambigulty, but st the feiical lavel, we could make a
start. uith sither an English intsrpretive dictionsry or uith sn associative
ability to link concepts to definitions. (Currenty in tha system, we can ask
what concept markers are luociateduﬂhicnrﬁnuord or what English words
are nmlatcd with & concept marker, but thers is no m to tind out sasily

‘uhat concept lar_:.,.ff',;a are uaocimd uith Engﬂaﬁ uurud H would be @ h

- relatively simple Watter to take tuo concapt mknho’ .preducéd for a German

word, Took Up & set of English m:uneitt.gutthm of thew, and 'a’cb" T

~ any English words 1f this wet could also have the other concm marker as a
neaning. . ;

To translate awbiguity-for-asbiguity beyond the lexical level, the
generator would need a wodel of the English interpretive process. The task
‘here would be hmlgu the usy the tirgbt Tohusge Ll imbiguous by
insmnn’g the semantic representation o "by #ccessing pre-packaged knowledge.
The pre-packaged knowledge Night expradh such tacts as *In a Germtn
- hominalization of a trensitive verb, the genitiva could be either the subject
or the direct object of the verb, if no other participints are given.” The
second phase of this task would then be to tind an Enyﬂih structure with:a
similar ambiguity, which for this case Wapbens to be ‘an-Eriglish nominalizition
with an gf. To use's femiiiar exsmple, 5 | R

das Schiessen der Jlger « the shooting of the hunters
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("the hunters ohoot" "the huntorl re_shot™)
Thc nod-l of structunl ugtgumog might gc derived ggtoqgt,ycajl,u from &
parser of the lw, although that would not be. mﬁf@- the pacticylar

ors Y9 MWL, want, such
knoulodqc tbout mtguitln to_be detached. {go-ﬁ% pasoer ... Since. e do npt

}.plrnr und hon. . lhonvqr 1% comes. fronh_

, ulnt to havo to olmlnto tho paning progna m tlgﬁ m; tq dotqrmm
uhothor l utructurc h amb i guous. et AL .
| Th. ablntu to tramlat. ubigﬁnu-for-mlgulgqf ;ﬁua; dl%!'d mld be
cttractlvn ina gmrator. bq‘tﬂnot umtial.;‘ Th. ogcqnd fu{u'c l will '
discuss here, mtncipoting ubiquitin in the output text, is more crucill. |
think, oinci It relates to the reliability of & tnq;gtaglm systen, et 1

yuould llka to conoldor l- thc oltuatlon Shers the __Lkﬁwt¢ Jtulttlnglu

Joxt output

producn 8 wntnctieallu or mmticallu nblm ﬁ%';,

3
L

at-p ono could takq to avoid thio problu uould m go fnd ‘

back lnto an Engllnh intorpntor. to see H mt Hee

mious miguitin. Thh uould corrupond to a trmilgtor rudin,g ovcr and
corrccting a tramlltion.n lt uould not be L) Iboolusn Imm, llm the

: proof-roadcr would prcwnblu !h.'. tho lln chﬁucﬂv? data bese veed by tho

rnt of thc w-tu. and knoul-dqu Hniutlom night couns. lt to lm

anbigultlu that sre prount in th- output tut. e

Evon if such a proof rud%ng fnilit%m aamlablo -md upgcullu if
~one: were not - a mator should also be abls to anticipats some. subiguities
and avold thenm. ln hio thnh (19) ' Hillcl{tglm four. cousss of globpl. .

syntactic migultu in Engliohz I P R
(1)} Chootlnq botuun parti;:iplo ond ”rupd
2) Chooomg botmn oun snd verb in clause first uqrd potitlon
(é)A Choooing tho correct trmoitlvitu for tho vgrb
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&) Chocuim an attachment point for & ndifulm phrm '

It te clear that, -g!vm the felturss sived o tm amution tru. chccks for
these sorts of mibtguities would be: rélatidely. cmﬁﬁimmu. A g.nontor

‘also might be atsté to mticipatl certaln. uuntlc confmlom obout thc ocopo
of & quantifler.  (*Gusntifier” Is uded m o on Eﬂgllsh port of sp«cm
"see Winograd (39,p.67).) Checks for thess ocrtu of lﬂﬂguitlu could o. built
into the eyntactic specialists of & mma er ﬂn nn mforuuon cwld

be -enbedded in a seell ruuﬂm mtm unihr m m‘tlm procuo md

interrupt i e of. these wm Mu were: gmum. |

(6.5.2 Uhen Al Eive-Fails
in ‘the’ %WMMIM u H atm m, it lH thebcckup pouihilitlu
are. swhausted for & wtiwflr mm Wn mor llupm f:ll-. TM.
" would obviousiy be undu!rdblc Wiw in 0 Mlﬂg ml;t%m ogstu. md
e tioutd uant 8 systen to be sbie. to soke m best. abt ot i m -uu-tion. |
" Thers m to be tuo diuctlom one. mld oo to m! thh ml. om uing

48 SRS T SO

‘compromise and ﬂnatm wwmg Geth mm Md be duinbh in 8

syeten, but it is mf atall clur how: meh mvlcr mld bo producod. Tho

two will be coma&w brioﬂu h-n. m m u&uﬂm uﬂi ho oﬂond. nlnc-
they depend, 1 think, .on sxtensive further rm ' '

In tho current. mﬂon of the WM mkup h hondlod bu trulng
alternative cholm. but this is alum u‘iﬂﬂn the eontoxt ot a ut of ond
cholcest no attempt is m to iucpcnd m‘ln. In oetual -Ituattono. lt ie _
entirely possible that no conblmtlcn of mlulbh ehotcu adoqunolu "
translates the original, and, Th this case, we would uent to produco the best
approximation possible. This could be done cithor oy io;i;lng out mo of the

content of the origlml, or w violotim um er m%f th- rulu af thc




'p-raphrau. 1 am uoing paraphrno" ln a gnclu senee m@

"<jthe sun u m-.gm. e lupoct the sky to be cleer. The two |
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_ target langum (Tbo oth;r "?‘_{"?!Sl"!;l!*gg'ﬂ!ﬁmogw’;@ﬁ'!;%!@?!!ﬁ

bolou.) In gononl. uhon trm

,wtmg ocjgg {;ﬂc tq}nb”?u&"llfﬁm“ to .
violate rules rather tmn to lmxgg . contant, . The,ghelge af which ,ml,ga to
suspend, however, can be a difficult one, and Iin rrivlng at this, m&ol\mo
might get involvod in delicate trede-ofts hctuun diffnnnt ponlbilltln.
The generator woulid probsbly n«d tho wllity to produu s set of alternative

treu for uhich difunnt ruln had hogg Mq&%agm % wfut of
critoria to dqt.rn}no uhlch represented g;-ﬁggu camproniee, oINLe MbiLity to

1 in

 make conproniul uould bo uportmt In ] ?gu;gfg m&t% “g% '5 oftgn
"uon that the ooqgnco of tramlation h tho &!th to "?M comrouluo.

T LT 13 At T i

If no utisfactoru aoupronln can b. founu, th&vﬂ” .g.p I t%&ﬁ“w

TR ; THERE R A

iy
X102 s

in tho -xpuclt nunlng. 8! though not In tho t9tel meening of & text. Lot me
B givo a siuplc cxupln of L) .itultiun In lm,q'p %lﬁ_&cig msaning differs but in
“ uhlch total naning Iu oquinlmt. \ Tho&ngﬂ*amogm noct;%!?"wm

in Gnrm Rk oin hcllor Tlg" (Iitanllg, _vn bri AN ‘). %"%‘ﬂqﬁ if gho

t @%fﬁ ,27;;3"{?

_oku io cloar of cloudl. thon tho sun cen be ¢ P! t%ﬁtm& MIkwphtly, g 1 ¢

L pEmey

glmw

e .;,.«s i

on differcnt ondo of thlq lf-md-gﬂl&-lf relationship, m@“’i le Qu‘g‘gclt

_ otat-mto dlffor. the igpllcatim Lg ﬁgxﬂn yw:ﬂ MVQ}Igt. e

Thls purticulor ml? uouLQ pg'* l‘u%goq‘ég?c m}gyjq&pgmu”
definitions, by transiating hall as gl.u: under certain clrwnuncus e

probably would not use a general perasphrass mechanisw. Not all possible
paraphrases, of course, can bs anticipated in this way. If the generator
cannot transiate a phrase, we will uant it to consider the implications to ses
if another equivalent phrass csn be found. Thit‘ Will involve 8 return to the

deductive component, since only a fraction of the implicit meaning of a
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sentence is carried W the sementic rmuﬂm. “The deductive commt
 would presusably ftifid sn equivelent’ p&m alter tﬁ‘ semsntic.

rmtaﬂd&. ‘o send this en Fepbi ok to tin u-mrltor for

Al though tha: wnw mmtw inﬂmm is. voru Hn!tcd in scope, l

have tried to foresen ‘the kinde of extensions w would de mu. The
Iaportent festures Gf the generator are thet it uses the umuc |
reprasentation as input and that it e m mwm u gomnto colnpomntc
in the linur order that thqwtlt m ins m Nlth the utmlom
made to PROGHWIUN, ue can meintein & mam tres, snd n is poum- to
" by-pass syntactic specisiists or detinition routines, to specify a definition
Iist ‘to be- uﬁd o tu wﬁelt%u ruh M wﬂva m ehotcu. E-phnh
hay Beerr placed” oa some prab!ui thet m trdittwlg eemldvod ttulhtle.
but Which sre of considersble: inportence fer transietion. u grest desl more
analysis neads. t6 be- dere on tm semantic mmnm for wtlcuur -gntacuc
cm\im, "nd the ‘generator would ales Benafit from imﬂlmﬁm of problus
sush wrmmtmu and sentence. uincih. thug. the muu am-ud in
section 6.5 - avsiding swoigiity, umm rum. ond pu-mm are

prwtm that l‘i uzdc opm for “fur ther r«nréh
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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, I think, are
interesting research areas in their oun right, irrespective of'the
implementation involved. Only @ token gesture was made touward 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. Furthermore, the area of
- generation poses a number of interesting questions, many of which have been }'
given only rudimentary ansuers here. I[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 coﬁpronisee.

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)

DER DIE DAS ETC.: CAE
{DET DEF .CENDER.  .CASE. .NUJOER. )

DIESE JENE ETC.:
{ENDINGS DETERNINE GENDER, CASE & MUBER)
(DET DEMADJ)

EIN KEIN EINIGE:
(ENDINGS DETERMINE GENBER, CASE, & NUMBER)
(DET INDEF SING)

PLUR
WELCHE
(DET INTER DECL)
WESSEN:

(DET INTER NOOECL 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 lsmwrmamm:
(NOUN STRONG .GENDER. GEN-ES W)
’ PU.R-E
PLUR-ER
PLUR-N
PLUR"E
o
IF THE NOUN MAY TMEPIHETHANGEGE“!UVEWWEW"B. MAELISTED
SIDE BY SIDE IN TPE FEATURE LIST, RATHER THAN IN® TE ENTRIES.

WEAK NOUNS, LIKE SOLDAT, MENSCH, ETC.:
(NOUN WEAK ,GENCER.) :

MIXED NOUNS: :
(NOUN MIXED .GENDER.)

NOTE: ALL NOUNS ALSO MAY BE EITMER COUNT, mmm«mmm. SHOULD
A PARTICULAR NOUN BELONG TO MORE THAN ONE OF THESE CATEGORIES THE FEATURES
g&LTEE 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 SEPARABLE PREFIX IS GIVEN. FOR SEPARABLE PREFIXES, BOTH
PARTS OF THE UORD mr_nsacmmmv 10_THE DICTIONARY, AL THOLGH

TRANSITIVITIES ARE:
AmRMMMMMDMMMMZABﬂGNHPEl

I=INTRANSITIVE A=ACCUSATIVE DeDATIVE G-GENITIVE NNOMINATIVE RREFLEXIVE

b= (FOR WEMFALL) DATIVE REFLEXIVE PPREPOSITION AS DBJECT Z-RANKSHIFTED NOUN
'GROUP E=ANY ADVERBIAL. SONE VERBS MAVE OBLIGATORY LAGATION, TIME, ETC. JUST
WHICH CASE APPLIES 1S SPECIFIED ROUGHLY IN SEHWNTIC mﬁu&im

IF A VERB HAS MORE THAN ONE TRMNSITIVITY FELATION, THESE ARE INCLEDED IN
PARENTHESES 1N ONE DEFINITION, RATHER THAN WKING SEPARATE LISTS FOR EACH ONE.
THESE LISTS AR WEN DIPAOED AUTOWTICALLY MEN BICRNTERED.

vl
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APPENDIX B. - SAMPLE PARSE . -

EIN DEUTLICH SICHTBARES zemau FOR DIE m.mm W
ERREGUNGEN IST DAS SPIEL DER CHROMATOPHOREN. . . . .

(((EIN DEUTLICH SICHTBARES mcuau mumm VERLAUFEN
ERREGUNGEN 1ST DAS SPIEL DER CHRACMA % SR

(CLAUSE MAJOR TOPLEVEL DECLARATIVE REGULAR-OBOER) . e
é &wlw SICHTBARES. ZEICHEN FOR DIE. 1M NERVENGYSTI m ‘,
(NG NO FULL NOUN DET INDEF NEUT SING P3RO mum

(EIN (DET mnEF SING NEUT NOW) |

((DEUTLICH SICHTBARES) (ADJG ATTR NEUT sms mxm nmu

(DEUTLICH (ADJ neum UNDECL COIP SUP)) “

(SICHTBARES (ADJ ATTR DECL MIXED NEUT NOM SING COMP SUP)))

(ZEICHEN (NOUN STRONG NEUT NOH SING P3RD GEN-G PLUR® COUNT)

((FOR DIE IM NERVENSYSTEM VERLAUFENDEN ERREGUMGEN) .
(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)

( (1M NERVENSYSTEM)
(PREPG NO-RSQ ADVERBIAL)

(IN (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 FEH 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 DOWN. THE ORDERING OF RESTRICTION LISTS CORRESPONDS TO
THE ORDER OF THE SEMANTIC ARGUMENTS OF THE RELATION.

(DEFS #MENTAL-PROCESS UP A#RELATION
OOWN  (#PERCEPTION #REACTION #COGNITION))

(DEFS #PERCEPTION UP #MENTAL-PROCESS
OOWN  (#SENSORY-INVOLUNTARY #SENSORY-VOLUNTARY))

(DEFS #SENSORY-INVOLUNTARY UP #PERCEPTION
DOWN (#DISTINGUISH #PERCEIVE))

(DEFS #ODISTINGUISH UP #SENSORY-INYOLUNTARY
RESTRICTIONS: (MLIVING-THING #CONCRETE #CONCRETE))

(DEFS #PERCEIVE UP #SENSORY-INVOLUNTARY
OOWN  (#SEE))

(DEFS #SEE UP HPERCEIVE
RESTRICTIONS: (#ANIMAL HCONCRETE))

(DEFS #SENSORY-VOLUNTARY (#PERCEPTION)
OOWN (#OBSERVE))

(DEFS #OBSERVE UP #SENSORY-VOLUNTARY
RESTRICTIONS: (#HUMAN #OBJECT))

(DEFS #REACTION UP #MENTAL-PROCESS
OOWN  (#UISH-FOR))

(DEFS #WISH-FOR UP #REACTION
RESTRICTIONS: (#HUMAN (EITHER: ARELATION #0BJECT)))

(DEFS #COGNITION UP MENTAL-PROCESS
DOUN (#NEUTRAL-COGNITION #VALUE-ASSIGNED))

(DEFS #NEUTRAL-COGNITION UP #COGNITION
OOWN  (#XNOW))

(DEFS #KNOW UP ANEUTRAL-COGNITION
RESTRICTIONS: (#HUMAN #FACT))

(DEFS #VALUE-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




.|SEE PREVIOUS PAGE

RSS

RINDICATE
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APPENDIX D.  (COND.)
HEAD
0SS
HEXCITATION
RSS
HRUN-AROUND
RSS
HCONTAINMENT
Ll
0SS

MNERVOUS-SYSTEM
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