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1, Lexicographic needs of KBMT systems

The gencral control strategy of a ypical knowledge-
based machine translation system is as [ollows. At the
first slage the propositional-semantic and the discourse.
pragmatic meunings of a source language (SL) text are
exiracted and represented as fexes in o formal Tanguage-
independent notation, tradilionafly called interiingua
(IL). The IL is the knowledge representation tanguage in
which the result of SL, text analysis is writien. The result
of this analysis stage for a given SLtent is an [L text
{ILTY. After an ILT is produced it is 1Then augmented,
through she operation of the inference-making compo-
nentof 3 KBMT system to make the amouni of informa-
tion it carries adequate for the requiremenits of Lhe
generalion process. Finally, the augmented ILT is senl to
the generator which produces a text in the target fan-
guage (TL). At this level of abstraction, the process is in
accordance with the knowledge-based machine transla-
tien paradigm introduced in (Carbonell o7 af. 1981).

Conceplually, the three processes mentioned above
are supporied by three dynamic knowledge sources: the
analyzer, the augmentor, and the generatot. In practice,
however, the responsibilities of the augmentor can be (at
least partéally) subsumed by the analyzer itsell. To
operate successfully, the ahove processing modules rely
on the knowledge stored in Lhe static knowledpe sources
(SK.8) of a KBMT system. The latter can be classified as
follows:

I. SKSs that store natural language-dependent infor-

mation; these include

{a) syntactic grammirs (for each SL and TLY

{h) a bilingual (SL~TL} analysis lexicon (AL) that
associales units of 1 patural language with units
of the interlingua; needed for each S1

(¢) a bilingual {TL—TL) generation lexicon {GL)
that nssociates units ol the interlingua with those
in a natural {TL) language: needed for each TL

2. SKSs that store language-independent information;
these include
(a) the wortd concept lexicon (CL) that stores the
knowledge abom types of concepual enlilies
present in the subworld corresponding to 1he
subject domain of (ranslation and their
propecties; thus, for example a description of
concepts such as ‘material’ or ‘computer’ and
propertics such as *specific gravity' or ‘color” will
beloag here
(P} the fong-1erm fact repository of the system thal

for Machine T "

stores knowledge about particular (remembered}
tokens of the entily 1ypes; thus, for example, Lhe
fact that the name of the laser printer at the
CMU Center for Mechine Translation is *Tara’
and that it is located in Room 109B will be
stored here (while the knowledge about the
concept ‘laser printer' will be stored in the CLY)

{£) the IL 1ext used to describe the knowledge about
the events mentjioned in the current SL text, as
well as about the nonpraepositional information
obtained from the SL text as a result of the
operation of the analyzer.?

Not a)l of the above knowledge sources will be equally
important for all types of subject domains. In particular,
the episodic memoty is the least deweloped of the
knowledge representation areas, due to the fact that the
domain of computer manuals we are exploring does nol
seem to require more long-term knowledge about tokens
than that stored in the intermediate memory. Other,
more ‘case-based’ domains, such as those of legal texts
or medical histeries and doctor-patient communication,
require a temporally organized episodic memory.

The approach discussed in this paper has been tested
in a large knowledge-based machine translation system,
KBMT-R9, developed at the Center for Machine Trans-
lation of Carncgie Mellon University. Goodman and
Mirenburg {1989), is a detailed report about this sysiem.

2. The format of IL text

TL 1exts are the ceniral, pivotal knowledge source in the
process of KBMT. Indeed, they interface between the
processes of analysis and gencration. The quality and
derad] of 1LTs are crucial 1o the success of the transtalion
process. Unlike a natural language text, an ILT is not
linear. It is a multiply interconnected set of knowledge
structures that correspond to

» instances of domain (translation subworld} concept
types {events and their actams, ot roles) mentioned in
the SL texts, and

instances of text structure component 1ypes that cap-
ture (he manner in which the above propositional
knowledge was expressed in SL (these structure come
ponent types are IL Sentences and IL Clauses, and
they are linked through discourse cohesion markers).

An 1L sentence is represented as a frame with slots for
each of any number of 1L, clauses (that arc represented as
frames themsehves) as well as for speech act and focus
information, The [L clause is the place where events (act
i £s) are put into their modal, discourse, and spatio-
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are produced instantiating tokens of the appropriate
concept 1ypes in the concept lexicon and augmenting
them with varions property values identified during SL
text analysis (see an example below). It follows that the
slots whose values express a component of contextual
propositional meaning (&.g. nmegation) or any type of
nenpropositional, including discourse, meaning appear
only in EL text frames for event and object tokens, and
not in the concept lexicon.

Ewvery token stands in the is-roken-of relationship Lo its
corresponding type, The feame for a type and (he frame
for a corresponding token are, however, not necessarily
identical &ither in siruclure or semantics, even though
they share many stot names. Stll, there are regulac
correspondences between units of CL and ILT. The
property walues in concept takens are typically elements
of subsets of data types listed as fillers for the correspond-
ing slots in CL frames. Thus, for instance, Lhe cofor
property slot in the CL [rame for the concept of rose can
be occupied by a list (white velfow blue red purple ...). At
the same time, the ILT frame representing a particular
rose, say, rose ! {, will have the value red as the contents of
its cefor slot. To appreciate the complexity of the task of
adequalely describing the world based on knowledge
ahout ‘typicalities’, consider the case when the value of 2
slot far a token wilt be from cutside the range suggested
for 1he correspending type. Thus, the cofor slot for the
concept type of swow, will contain the one-element list
(white). But a particular instance of (a quantity of) snow
can be actually grey, It is arguable, however, that from the
standpoint of an inference-making mechanism it is prefer-
able to accept such defauit overridings and not to "dilute’
the prototypical value of color with 1he seldom used grep.

The aonpropositional knowledge derived Irom the NL
input is also represented in TLT. FL sentences, clavses, and
events carry this information as appropriate. The avert
representalion of TLT units, not just a sequence of events,
is one of the principal echnical innovalions of our
approach. Noie thal for representing nonpropositional
relations (such as discourse or focus) we use the same
knowledge structures that are more traditionally vsed for
representing the propositional comtent of NL input,
Definitions of entities at the higher levels of ILT syntax
follow. The definilions are edited to highlight the relevant
features.
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Themati¢ informatien about the senlence includes the
values for the given and the new {or focus) slots in the
sentence lrame. Both values can be pointers 10 a concept,
a property of a concept, or an entire clause. The value of
the modatity slot for the I sentence is chosen from the sct
of modalities.
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Discourse structure musrkers am conncel a clanse oot
only with another clause but also with an object or an
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event, as well as with a senlence, a paragraph or even a
whole text.
Sndality (iw ('afellty’ Sodadityeestl

t.om pasl | dasirable ) wedeslzakie | oomditlomal |
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For a more detailed description of the discourse cobesion
markers we use see Tucker er gf, (1986),
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The time and space of the speech act ¢an be quite different
from that of the proposition which 15 the information
transferred through this speech act.

3. The concept lexicon

CL is the primary source of building blocks for which
ILTs are constructed. Tt plays the part of the sysiem’s
modei of its world, the entological descriptions of aif the
objecls, acts, and relations of which the systemn is aware.
Therefore the creaiion of 2 sizable CL must precede
work on building ALs and GLs, since the CL3s are the
basis of Lhe construction of 1LT,

The concepl Jexicon is organized as 2 sel of entrics
{concepl type nodes), represented as feames, and 2 sel ol
tinks, represented as stots in these frames. Slog fillers are
pointers 10 concept nodes.

The steucturat backbone of CL is made up of the
tangded ive hierarchy with property nheritance, the
Iranzilive partonomic parf-of hicrarchy, and the empiri-
cal, semantic lield-like classification of all concepts into
subject domains or subworlds.* The laxonomy and the
partenomy are exampiles the paradigmatic relationships
among concept sypes, Case-frume, preconditionfefTect
and ownership and some other finks describe syntagma-
tic relationships that 1okens of a particular 1ype have
with tokens of other types in an IL text.

The semantics of syntagmatic relationships in CL is as
follows: the corresponding property values represent
either defuulis or acceplable value ranges (cf. the ahove
examples of the color values lor snew and rase, respee-
tively): they are used to guide the preference-hased
(Wilks, 1975) treaiment of the disambiguation process
andi for validity checking. Concepl refkens, being compo-
nents of ILT, nat CL, have their slots oceupied by aedial
values of properties; if mformation about & preperty is -
a0l forthcoming in the input, then the defall value {f
wny) i inherited from The corresponding Lype represenlu-
tieens, Thal iz, iF aothng 5 said in the wext aboul the
color of the particalar guantity of snow, we will assume
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that it is while. Some examples of [L lexicon lrames ace
given below,

#1) cie prakyt
1 eaverla' swewerlde b
This is the root of the isa hierarchy. Note that we believe
that every node in the lexicon represenls a concepl Lthal
belongs 1o one or mare subworlds.

Proaess om0 process’
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I
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The “hus-as-part’ slot of an action frame contains
either the constant primicive, if the process is not fucther
analyzable in IL, lexicon, aor an expression in a special
temporalfcausal process description language.®

phytieal-netiva i
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Puttal-nezion . m
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Mental actions further classily into reaction actions (cf.
the English ‘please’ or like’), cognilion actions (‘de-
duce’y, and pecception actions {‘see’). Objects of mentat
actions can be either objecis, as in [3), or processes, as in
(4% -
(3 I know John .
) I know that John has triaveled 10 Tibet
apaach-seiion .:a 3

L apamche pek Lon

N'ies’ mgtlong

A egamL” paraen)

{ AL phckihd | SEQARLAMLEENT)
1ioeleEt weent | oebiectp

1'wourca’ cagast'y

('dentimation Cpaliens il
The “agenl’ slot liller for speech actioas has the semantics
of the speaker. The *palient’ is the heares.

athbn iw {Tpkale’
Lo b protakl
L-pRrh-of statpr )

The actant in states, which is 1he patient rather than vhe
actor, is inherited from the process frame,

apject cie

1
C smatry

ParL ok j4ectl
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4. The analysis laxicon

Teo cepreseat the analysis lexicon one first has to suggest
a representation language for the 1L texts, because some
of he AL entries will be formulated as instruciions to
record certain infarmation in the [L (ext directly, with-
out the mediation of the concept lexicon,

A1, dndvsis bexivon entries—Tepe T

Type I AL entries conniect units of SL with concepls in
IL:

IDATA

The CL definivion of data is as Tollows:

data

*
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Tdare
Tiwa Lntarum Liml
D
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4.2, Anafysis fexicon entries—Tyvpe IT
Type [[ AL entries are commands 10 insert a value into

aone of the property slows of existing concepi-loken
frames (1he entry is described informally).

PERMANENTLY no corresponding CL concept; insert
the valoe *always’ in the time property slot of the event
which this word modifies.

4.3, Analysis fexicon enivles—Type HT

Type 11T AL entrics contain test or control knowledge
for the anakyzer decisions, as ilusiraled by one of the AL
entries for THE:

THE no corresponding CL concept or properiy; expec-
1ation: an NP foliows; anaphor resolution heuristic: this
NP is coreferential with & concept token from among the
conicepl 1okens in the analysis woskspace for the cusrent
fext.

5. The generation lexicon

5.1. Reguirements for fexical veafization
Languages view the world® in differeat ways,

Table 5.1 Languages view the world differently.

IL Hungarian Freach Malayan
Elder hrother batya frere sudara
Younger hrother ccs frere sudara
Elder sister nene soeur sudara
Younger sister hug 0CUr sudara
Table 5.2 In-law terms in Russian.

English Russian

wife's Father test’

wife's mother tyoshcha

husband’s father svyoker

husband’s moiher svekrov”

wifie's brother shurin

wile's sister svojachenilsa
hashand's brother - dever’

husband’s sister zolovka

brother's wile nevestka

sigler’s hushand zyad’

son's wile noxa

daughier's kusbard zyat'

daughter's husband's father sval

dauvghter's hushand™s mother svalja

son's wife's father sval

son’s wile's mother svatja

The above example (from Hjelmslev) means that when
Malayan sudara is analyzed, the information on relative
ape and sex of the sibling has 1o be sought through
wddiional inference-muking—provided 1L stipulates the
grain size that requires this level of dewail. Generaling
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Malayan from an imemal representation will be refa-
tively simpler, since, if the information about sex and
relative age is not in focus, it can be omitled, thus
simplifying the lexical selection. With Hungarnian, it will
be the generation side {and, therefore, the peneration
lexicon that will require additional information Ffer
lexical sefection), while analysis will be relatively
straightforward.

We assume that the grai size for the descriptions in
the concept lexicon is determined empirically based on
language-independent considerations of practical neces-
sity. This means that with some languages the analysis
side wifl be more involved, with other fangoages, the
genesation side,

5.2. The structure of a GL entry

The structute of an entry in the generulion lexicon is
described below in the BNF. The BNF is incomplete,
wherever obviows.

Ti% L GmalngpaTeaes CEL-paltyrant )
[T ORL-dbok | ERbepbot whprewalue 104 3
Lear |

- i . I
= waglieh | spenlat 1 resdien | liphnend 1.
-t tezical

i
Lk ast Le=Anfo heph S4RCLASE [oamtypar b
v neum | hdjedtive | overt |

Thaailonl-wlnse> I
= [tha wien] coslanks of sywisocic dictiomarrl
ot Ia fa

AnywEaet lwsinton

e icm jen o
A L e |
LR YLAERE L a1 Tdimnslood f0lmenmloc-walaarr pye )
<dlamaelimr w {4 sl based so tha SpPTARLlate CepTARSALESlom
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What the above means is Lhat the GL entry consists of

(1} aframe which represents the meaning of a TL Jexical
unit and is used as index for matching with input {fL
Text) frames during the lexical selection stage of the
peneration process;

a seb of *righl-hand sides’ (ne more than one RHS
per TL, but some TLs may not havea RHS for a GL
entry}); a RHS consists of a set of kexical units (TL
synonyms) 1hat correspond to the meaning of the
entry header, their grammatical classification, and
their collocation characteristics.

(2

—

Matural tanguages influence lexical selection in ways
that are sometimes ‘ikkogical’, that is not readily explain-
able through semantic distinctions. Why do we use, in
English, shed wilh tears or feaves but do not usaally say
shed water our of a bucker of they drop tears every time
when .7

As another example, consider the concepiuat operator
of a farge guantity of, A (relative) value for measuring

+ paTEanh ap
[naE maleh
fage tmange 13317
Viakgiish “wey™y
[lenbonl-alens moum Incian-iype Tiess) ieaceh paguiar}
ca B-aches |- "playgrouad b
agaRt -GS “do homework” CRley Salidl
AlaNt et CpaAT CRoLABoBht “BaLl*)
B i
45 ~aomplamt cage “Babrt TwAR"IH

Taskleealon

fifis-vaksn-af paresnt
ingh GTnge ¥ 1B1}
1 lampiian —ehiid-
Iiealesl—clons noun Inpcn-type cleasl imisph tplusel “enjldegn-) )y
foollpeh Lba {plus {-hona- -plopgroand-}]
Lhgwke ol “Flayth
thnst romests “teyd
4D faat e {CEslia" lagank CpAARE” Cmathard “fatbecTif
{-edutures dugunt “vanasac-ilh
[ PP I O T

Fig. 5.1 Sample cniries in the gerteralion lexicon
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quantities (of materials, forces, qualities, properties,
etc.). It is realized in English in accordance wilh cotioca-
tional properties of the lexical units involved.

voltage greatl
difficulty wide
wind enormous
selection fargs
amount big
expanse strong

Consider one more example. The first of the two lists
below shows the choice of English realizations for the
cancept of, roughly, growing/gerting smaller. The second
list contains examples of quantities that can get smaller,
Suppose hat the sentence type selected by o naturai
latiguige penertor is such that the members of the
second list will become subjects of corresponding clauses
(e.2. temperature decreaseef). Not afl of the words in the
first list cin be psed with those in the second list B seoms
difficalt (il a1 all possible) 1o distinguish the ings of
the clements of the fiest Bist so that they can be ‘antomaii-
cally’ selectet provided the meaning underlying a partic-
wlar element of the second list is present in ILT.

decrease temperature
drep CrOps
diminution dollar (vajve of)
shrinking profii

decline power
reduction cloth (2rea of}
deflation crime

Collocation properties of a lexical unil eflectivety
build a lexical-semantic fichd around it; it is possible that
a more ellicient way of detineuling these lexicat fields will
be found than listing the dexical units from one fiehd
multipdy in the entrics devoled 1o each and every one of
thern. The lexical fickd ideas stem from seminal work by
Mel'cuk and his various co-authors. See, lor instance,
Mel'cuk (1982),

The above design has beer imp} ted in the Dio-
genes nalural lenguage generation system. Sce Niren-
burg ef of. (P98Ea); and Mirenburg er of. {19888) for a
detailed description.

Figure 3.2 summarizes owr approach to lexicons in
KBMT and theic influence on the creation and manipu-
lation of the interlingua text. Tt shows the [ragment of
the AL necessary 1o process the senience: *Some data,
however, may be lost.”

6. Getting there: lexicographic knowledge
acqguisition

One of the main lexicon-related tasks in KBMT is the
acquisition of the lexicons. We hive come up with the
idea of a Lexicon Management System (LMS), an
interactive aid for lexicon acquisition that will help to
dacquire the concepl fexicon lor the subject damainds) of
translaiion s well as an anafysis fexicon (os each SL and
a geoerdion lexicon for cach T {see MNicesburg and
Raskin (1987)), for a more detailed descriplion of the
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Example..
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lase

Display-Event. .

Disappear.. ! f Nuny-Hep.-Disp.... “_Rm. Dia.p,..| | ch.-Disp.-Ohj.ﬂ

nay

| Check-Evem.. 1 I Gmphic-\t‘erbal-Evem;l

EBILE

Clausel23

3 (discourse-cohesion-marker-stmilary

3 (maodality possibilicy)
{propositionid proposition 436)

Propostion 456
{is-taken-af “disappear)
{theme pole THIY

Role 759
{s-obea-of “alorszarion)

e {r-cuantifive existential)

LT

Fig. 5.2. The intcraction among lexicons and ILT. Notc that some subject language lexical units are connected 1o their interlingus meanings
direcily, bypussing the concepl ksicon, The figure also illustrates the tack of symmelry i the \reztment of kexical semantics in analysis and
generation; The main problem in analysis is polysersy, whike in generation it is synonymy

LMS functionality, The LMS has 10 support a variety of
lunctionalities:

& a struciured screen editor customized for the knowl-

_ edge acquisition and maintenance requitements ol a
particular application

« a graphics-based browser

& a natural-language interface to support information
relrieval for knowledge sequisition aad maintepance

» a means of inleraction among the above lunctionali-
ties {modes of operatien),
Since the LMS is envisaged as a ‘smacet’ 1oel, addi-

tional funciionalitics must be provided:

e 2 varicty of consistency and validity checks on the
wser-supplied information

» it Nlexible and extensive on-line belp and suggestions®
facitity

Literary and Linguisiic Computing, Vol 4, No. 3, 1988

o a means of effective communication among the mem-
bers of the knowledge acquisition 1eam.

Examples of ‘low-level’ functionalities supported by
the LMS include:

o Displaying and manipulating texts in multiple scripts
{e.g. Latin, Cyrillic, Hebrew, Arabic, Kanji} on a
single screen,

Hamdling diacritical symbols, right-to-lefl and top-
down writing styles, elc.

« Aulomatic conversion of a lext in a foereign script into
a canenical internal ASCIE represeniation and vice
versa.

o Advanced and user-fmiendly editing capabilities, in-
cluding scarching, scanning, moving big chunks of
text aroundd, ele.

« Advanced and user-friendly formatling capabilities,
189



including fooinotes, ‘invisible’ comments, footers and
headers, font sizes and styles, section numbering,
indexing, bibliography, and table of contenls prepar-
ation, elc. .

¢ Spelling checking and (simple) text critiquing.

Our initial implementation of a LMS is the Ontos
knowledge acquisition and maimenance system {Niren-
burg e al., 1988%), which supports a Jarge subset of the
above functionalities, Ontos has been extensively vsed in
the development of {exicons for KBMT-89.
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Notes

1. It is debmable wheiher the identical grammar shoudd be
wied for analysis and for generation, Clesrly 1he processes
are different, but if both use the same grammar provisions
must be made for comprehending a larger range of
sentences Lhan those generated, whick normally adhere to
siricier peinciples of gr ical cor or at least
preferences for grammalical normaley,

2. To use psychological werminofogy, all of {, 2(a) and 2(h)
belong 1o 1he ‘long-term memory” of Lhe system, while 2(c)
belongs 1o the “shorl-lertn” or ‘intermediate’ memory,
Within the long-lerm memory 2(#) belongs Lo the ‘episo-
dic’ memory, while 2l the rest, 1o the “semantic’ one (el.
Tulving, 1985). The latter stores knowledge abowl rypes of
concepls in the world and types of language consiructs,
while 1he former is a repository of Tacls ahout rokens of
particular lypes. .

3. Ipa practical simplification, we allow some propertics (o
take values from specially defined value sets; (his device is

wsed lemporarily, until the corresponding part of the
concepl network gets fully develaped.

4. Being primacily concerned with deseriptive adequacy in 2
subject domaia, we de not enforce an a priori fimi on the
number of {cither primilive and derived) concepds and
properties we use,

5. Fora detailed discussion sec Nirenburg e af. {1986},
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