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1. Introduction

This paper first describes the transfer approach of machine translation
(MT) in the ECS system, which is based on the linguistic theory of LEG
(lexical-functional grammar) (Kapian and Bresnan 1982, Kaplan and
Maxwell 1988), and implements a unification formalism. Linguistic infor-
mation is stored in rules and a lexicon composed of three types of anatries:
source, transier, and target. All sourcs lexical entries have correésponding
transter. or bilingual, entries. through which lexical replacement and
necessary structure transiormation are specified and performed. We wiil
then describe the treatment of idioms within this LFG system. For pur-
poses of wansiation, we ideniily thres types of idioms and treat each tvpe
differeatly according to its syntacric and semantic nature,

2. The Transfer Approach in the ECS System

The ECS system employs an indirect-translation transfer approach, where
analysis and generation are independently motivated and therefore a
transfer component is nesded for each language direction, e.g. English-
to-Chinese. Within this approach, the iransfer component takes the ana-
lysis of the source sentence and transforms it into that of the desired
target sentence (e.g. Slocum 1985, Tucker 1987).

LFG, a theory of grammar that has besn developed to serve as a
computationally precise model of nartural language (Bresnan 1982, Sells
1985), assigns two levels of syntactic represenration to a sentence: a
constituent structure (c-structure), represented as a tres, and a functionzal
structure (f-structure). While the c-structure refiects the phrasal hierarchy
and linear ordering in a sentence, the f-structure is an abstraction of
the grammatical and functional informaton away from both phrasal con-
sttuency and ordering. Fig. I illustrates with a simple example the LFG
co-description of e-structure, represented as a tres, and f-structure, shown
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Fig. I. LFG Co-description of ¢- and f-structures

in a bracketed dag (directed acyclic graph) representation of fearure-
value pairs.

One of the advantages of using LFG to implement a machine trans-
lation svstem is thar its f-structure. which. unlike constituent SUructure, 15
order-frae and relatively language-independent, provides a very suitadle
medium for transfer among different languages: thus. in recent years
LFG has been gaining more popularity than other contemporary linguistic
theories in the implementation of MT sysiems {e.g. Kudo and Nomura
1086, Her er al. 1989, Kaplan er al. 1989. Levin 1550, Sadler er al. 1950,
Pentheroudakis 1650a). In accordance with LFG, the ECS system is
siratificational in its organizaton. For a source sentence. analysis rules
construct a c-structure which is mapped to an f-structure via functional
equations annotated to the lexical entries and phrase structure rules.
During transfer, the source words in the source fstructure are replaced
with the appropriate target words; also, necessary structure changes are
performed by transier rules, which are instantated through lexical transfer
entries. The output of the transfer operations is the so-called ‘transier
dag’. which serves as the basis for generation. Generation proczs
in three stages: first, targer word look-up; second, inflection of mor-
phological elements and insertion of function words, if any; and finally,
the linearization of the lexical items and grammatical functions in the
target f-structure. Fig. II depices the schema of the translation process in
the ECS system. : ' :

To date, four operational language pairs have been developed at ECS:
‘English to Chinese/Japanese/Korean. and Korean 10 English. Prototypes
include English to Arabic/Freach and Arabic/Chinese/French/Japanese to
English. Also, bi-dirscuonal wansiation berwesn English and Norwezian
has be=n under development at the MANTRA project of the University
of Bergen in Norway. All exzamples in this paper will be given in the
context of English to Chinese transiation. Since the transfer approach
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Fig. II. Translation Procsss in the ECS System

allows independently motivated analysis and generation. the same English
grammar and lexicon have been used in the analysis porton in all language
pairs mentioned above that have English as the source. Higinbotham
1990b) and Pentheroudakis (19906) address the design philosophy behind
the ECS MT system. See Her er al. (1989) and Pentheroudakis (1990a)
for a more derailed acrount of the transfer design of the system. Her
(1920) provides a general description of the LFG-based linguistic for-
malism employed in the ECS system and its application in the analysis of
Chinese verbs.

3. Lexical Transfer

A lexical entry consists of feature-value pairs, representing grammatical
specifications such as functonal structure, subcategorization, syntactic
category, lexically driven rules, etc. A lexical enury, being a suucture
associated with terminal nodes, is formally a dag, as are all structures
zssociated with individual nodes in the wmes. Since certain grammatical
specifications are shared by an entire word-class, to capture linguisiic
g=neralizations as well as to preserve spacs and efficiency, 2 lexical entry
may mention explicitly only feature-value pairs that are idiosyncratic, or
wnicue, to that lexical item, as shown in la—1le. The shared or predictable
specifications can be expressed as stancard inheritance entries. Feature-
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LY

la. ew book :: eW = English word
FORM ‘bock’ ] ‘F5 = f-structure

'\S""‘D ¥-BOOK “, = inheritance
\NSTD=CAT=N cperator

1b. eW_car ::

FS [ FORM ‘caz’
\STD-N=-BOOK
\STD-USE-VHCL
\STD-CAT=-N

"WECL = vehicle
VCAT = catagory

le. eX_ STOD-N—-300K :: ‘eX = Eng inheritances

5 ANTM - “ VANTM

= animate
EUMN - ‘EUMY = human
CNET + VWCMET = copncrete

1d. eX_STD-USE-VHECL ::
( FS (-USE VECL 3 ]

le. eX STD=-CAT-N ::
CAT W
F3 ANY

value pairs contained in inheritance entries will be unified by extension
into the lexical entry at the time of word lookup during a:::alyms and
generaton or word replacement during transfer.
~ The monolingual lexical entries and respective language-specific analysis
and generation rules are independently defined for the source language
and the target language. The transfer component of a specific direction of
a 1anguane pair, e.c. English to Chinese, consisis of bilingual lexical
entries and transfer rules. Since all source le:-:l::al entries have a counter-
part transier lexical entry, during transfer source words in the source £
structure are repIac.,d with targe: words specified in the bilingual transfer
entries, as shown in 2a—-2c. Note that for typographical ease we will use
the Chinese pinvin romanization in this paper, although in the actuai
system Chinese characters are fully supported.

As we shall ses later in the discussion of idioms, a transfer entry may
specify the proper translation of a source lexical item as a WORD or as
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2a. ec_book :: ' ‘ec = English-
- Chinese
WORD FORM ‘shul”
TZCH GENZRAL YIEZCH = tachnical
dopmain

\STD-T-TRAN

2b. ec cariz:

WORD | FORM ‘gi4che1l’
TECH GZNZIRAL

\STD-T-TRAN

2c. eX STD-T-TRAN :: :
[ ACTION [ TRAN (<! FORM> , <7 FOR¥>) ] ]

the head of an IDIOM. While 1 refers to the current level of the sourcs
word in the source fstructure, | points 1o the dag under WORD (or
IDIOM) in the transfer entry. The internally defined action TRAN re-
quirss two arguments and replaces the sourcs form with the specified
targer form in the transier entry. Thus, in the above examples, book and
car will be replaced with shul and gidchel respectively during mansfer,
The manslation here js straishrforward in that a source lexical element is
replaced with a single target lexical element.

-

3.1 Soucnure Change

Berween the source f-structure and the target f-structure, often stucrure
“2zngzes and/or multiple target words may be needed for the proper
T=aslaton of a source word in cerrain contexts. Such transformations ars
performed by transfer rules, which are lexically driven and specified
=ithin transier lexical enties. For example, many English causative verbs
Eppear in e construction of [V + OBJ] and have a straighdforward
==osizton in Chinese, e.g. enlarge (zengldad) and enrage (jilnud); how-
SWer, some such verbs, e.g. endanger and sadden, require a causative
eoastructon of [V + OBJ + XCOMP] in Chinese. Therefore, A saddens
5 wanslates as A shi3 B beilshnagl, ‘A causes B to be sad’. The necessary
f-szructure change s specified and instantiated through the transfer entry
of sadden (3a-3b). )

1he action instantiated through the transfer enwry of sadden specifies
@zt (1) the OBJ of the current level unifies (indicated by =) with the
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4a. ec_sadden :I:

WORD FTORM ‘beilshangl’ . ‘sad
TECH GENZRAL
\STD-T-CAUS-V

\STD-T-TRAN

3b. eX STD-T-CAUS-V ==

ACTIOH £1 XCoMP SUBJ»> = <1 Q85> i
TRAN (<@ FORM> , <1 XCOMP FORM>) 2
REDVAL (7 , FORM 5, ’‘shil’) 3

XCOMP’s SUBIJ; (2) beilshangl ‘sad’ is to be the value of FORM in the
YCOMP of the current level of the f-structure; and (3) the internally
defined REPVAL (replace value) replaces the value of FORM of the
current level with shid ‘cause’. We will show the f-siructures before and

after the transier action in 4a and 4b.

4a. ‘before transier of eX STD-T-CAUS-Y

FORM ‘sadden”
SORT [ TORM A" ]
OBT- [ TORM ‘B’ ]

FORM ’shil’
SUBT [ FORM 'A% ]
0BT - [ FORM 7B! J-=——==—"""" |7

i
ywcomp| Ford ‘beilshangl’ l,
5087 [ -~ 1——|-|—"'

3.2 Lexical Selection in Transfer

Freguently a word may have several translations in the target language;
the translation selection may depead upon the specific domain of the text,
the syntactic context of the word. or the semantic context. For instance,
when the technical domain of the input text is specifically reiated to
compurers, the translation mao2bingd is to be selected for bug; otherwise
chorgZzi will be selected. accorcing 10 the wensfer entry of bug in 3a.
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5a. ec_bug ::

{
WCRD FORM ‘maczbings”
TECHE COMPUTER

FORM ’‘chong2zi”’
TECHE GENZRAL

On the other hand, the syntactic environmeat of rell affects its proper
translaton: it translates as shuol when tell takes an object and on other
arguments, as 1n fell lies or tell a siory; in other contexts gaodsud is
appropriate. In other words, gao#su4d is the mors common, the default,

P

translation. The transfer entry of re!! is shown in 5b.

3b. ec_tell) ::

WORD FORM fshucit
TECH GENzRAL
\STD=T=-ERED~QBT

FORM ‘gacdsud”’
TECH GENERAL

}
\5TD-T-TRAN

—

S5c. eX STD-T-BRED-OBJ ::

IF [ <t PRED> =c <SG3J OBT> ]
ACTION [ SUCCEED 1

According to the transier entry of rell, shuol will be selected as the
tr=nsladon only when PRED of tefl has exactly the value <SUBJ OBJ>;
=c indicates a constraint. Otherwise, the next mranslation will be chosen.
Cur, however, as specified in the ansfer entry of 3d, is a transitve verb
thar translates as kail only when the object is check; it translates as
jiang4di] when the object is an abstract noun. Only when the object is
not check or abstract will the default translation giel be selected.

As shown in 5d-5f, the dag structures of the lexical entries and f-

tructures allow the translation selection to have access to information in

=l thrr=

zll thres areas, i.e. technical domain, syntacdc context, and semantic
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Sd. ec cut ::

A

WORD FORM "kaili“
TZCH GENE=AT
\STD-T-087-CHECX ‘Ze

FORM fqimnc4dilr’

TZOH GENEZAT,

\STD=-T-0BS—3B5T i o

_\STDET =TRAN "J

Sg. eX STD-T=-PRES=-0BT :-

e, [ <7 OBRT TCRM> = rcheck’)
ACTION [ SUCCEED ]

T= [ <7 OBT ABST> =cC + 1] *ABST =
ALTION [ SUCCEED 1 ABSTRACT

characteristics, used in evaluating selection conditions associated with
each lexical matching. This approach of lexically driven transfer facilitates
the modular development of linguistic description of languages and is more
flexible than others that integrate source lexical entries with translations,
€.g. Li and Erckson (1987). Pentheroudakis (1990a), where examples
from the bi-directional English—Korean translation can be found, con-
stitutes a more technical and detailed account of the design of the trans-
fer module and demonstrates an alternative to the projection transfer
approach advocated in Kaplan er al. (1990). Moreover, Higinbotham
(1991, 1990a, 1990c) provides exiensive discussions on the use of the
semantic co-occurrence networks in resolving lexical selection in the ECS
machine translation system.

4. Idiomatic Transfer

Idioms constitute a problem for parsing as well as for translation. There
are two approaches for the acaivsis of idioms: one considers idioms
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similar to words as basic lexical units of syntactic structure, and the other
treats idioms as phrases whose internal syntactic structures participate
in the structure of the sentence (Swock 1987). In the ECS system,
thres types of idioms in English are recognized: lexical idioms, transfer
idioms, and phrasal verbs. While the first approach is adapted for lexical
idioms, transfer idioms and phrasal verbs are treated as phrases. The
basic criterion used to determine whether a string of words, continuous or
not. is an idiom is whether the meaning of this string is the sum of its
parts; in other words, an idiom is a multi-word expression whosa meaning
is a property of the zxpression as a whole (van der Linden and Kraaij
+ 1990). In the context of a translation system, therefore, this criterion can
simply be whether the proper translation of the entire expression can be
achieved by the sum of the translation of its individual pars. If got, then
such an expression is considered an idiom.

4.1 Lexical [diomn

Two criteria are used to distinguish a string of words as a lexical idiom:
(1) the string must be a continuous unir: and (2) its internal SVIactic
structure, if any, must be of no relevancs 1o the structure of the sentence.
In essence, synractically a lexical idiom behaves just like other basic, non-
phrasal lexical elements of its category; thus. a lexical idiom consists of a
distinet entry in the English lexicon. Like all other lexical items of the
source language, a lexical idiom also has a unique corresponding transfer
eniry specifying the approach translation of the idiom as a whole. Good
examples are multi-word proper names such as American Airines, the
Unired States of America, One-Soon Her, etc.; conjuncrions like as long
as and as far as; prepositions like in regard to and with respecr to: and
adverbs like of course and per se. In short. a lexical idiom is treated just
like 2 word (see 6a—6d).

6a. el_"One-Soon Her" :: ‘el = English
idiom
FS [ FORM ‘One-Socn Herz’ ]
\STD-N->=msoN
\STD=PROZER-PLUS
\STD-CAT-N

6b. ec_"One—Soon Her" ::

WORD FORY ’HeZwansdshuns’
TZCH GENERAL

M\STD=-T=-T3AN
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6c. eI "American Aizlines" ::

FS [ FORM ‘Azerican airlines’ 1
\STD-FPROPER-ZLUS

\STD=-USE-GROUP

\STD-USE-VECL

\STD-CAT-H

—_—

6&. ec "American Airzlines" ::

worn | FoRM ’Meilquezhang2kenglgonglsil’
TECH GENERAL

\STD-T-TRAN

— —_—

Note that. in cases where the inner structure of the lexical idiom ailows
a compositional analysis. e.2. American Airlines meaning also airlines of
America, in order 1o prevent multiple analyses and resolve ambiguiry,
alternate analyses may be barred if they use zny sub-part of a recogaized
idiom. In doing so, the conventional and often non-compositional meaning
of idioms is preferred.

4.2  Transfer Idiom

ransfer idioms are distinguished according to the following three criteria:
(1) the internal synractic structure of the expression must be of relevance
to that of the sentence; (2) its syntactic behaviour must be largely pre-
dictable from the normal behaviour of its parts without extra syntacuc
statement: and (3) the phrase must have both a literal {(compositional}
and an idiomatic (non-composidonal) reading, and therefore must have
two possible translations in the target language. As far as the syntax, or
parsing, of the source language is concerned, there is no need to trsat
transfer idioms as in any way special. However, in order to obtain the
idiomaric, non-compositonal translation, these entries undergo special
treamment during transier, as their name Suggests.
Good examples of transfer idioms are verb-noun collocations; for
“ipstance, the phrase ro kick the bucker has a regular reading that is
compositional and also an idiomatic reading, fo die, which cannot be
derived from the compositional meaning of © kick plus the bucker,
and therefore has to be recognized as a property of the phrase as a
whole. However, that syntactically the bucker is the object of kick can be
accounted for by existing information on the transitive characterisac of
kici: no extra statement is needed. What does need to be accounted for
is that (1) the phrase fo kick the bucker may have two entirely diticrent
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transiations, one literal, the other idiomatic; and (2) once the phrase is
. auzrcd syntactically in certain manner, the idiomatic meaning no lonm:r
xists, and only the literal reading remains.

7a. He kicked the red buclkear,

7b. He kicked the buckers.

7c. He kicked a bucker.

7d. He kicked buckets.

7e. He kicked thres buckets.

Ji. The bucket was kicked by him.

None of the sentences in 7 has the idiomatdc reading to die. We therefore
observe that only under czrain syntacdc circumstances can fo kick the
bucker be idiomatc. However, these required circumsiances may vary
ereatly among transfer idioms; for example, it is possible to passivize abs
in the idiom ro keep rabs on and still mainrain its idiomartic reading. It is
theraefore necessary (o specify the minimalilv required synractic information
in the transier entry of each transfer idiom’s head verb. Since in the
translation svsiem cmiv the source f-structure enters the transfer stage,

whar nezds to be accounted for svatactcally, to state it more formally in
LFG terms, is the fact that, for a sentence o have the idiomartc trans-
lation, its f-structure must contain at least all the information specified
within the f-structure of the idiomatic phrase. Any coniflict will cause the
loss of the idiomaric reading and thus wiil resuit in the literai translation.
The minimally required f-structure for w kick the bucker to have the
idiomatic ranslaton is specified in 8a.

Ba. [ —
FORM "kick’

PRED <«<SURT 0BI>

VOICE ACTIVE

CBET S2TORM 'the’
FORM ‘bucket’
HUMBER SG -
ADJS HONZ

According to this minimally required f-structure, we can now easily
account for the fact that sentences Ta—7f cannot have the idiomatic
reading. In 7a the ADJUNCTS of bucker is red while the transfer entry
specifies that its ADJS must be NONE; 7d fails because of a conflict of
the value for NUMBER; 7c fails because of the conflict of SPFORM; 7d
fails because of NUMBER and SPFORM: 7e fails for the same reason as
7z; and 7f fails because of the conflict of VOICE. Only sentencss whose
fost iructures are subsumed by 8a may have the preferred idiomatic trans-
lzdonm, e.g. fohrmy kicked the bucket yesterday, as shown in 8b.
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k. ’'Johnny kxicked the bucket yesterday.’
FORM 'kick’

FRED <SUBJ CBI>

YOICZ ACTIVE

TEMNSZE PAST

SUBRS [ FORM “Jcohnny’ ]

GBS SPFORM fihet
TORM ‘hbucket’
NUMBER 5G

ADJS [ FORM ‘yesterday’ ]

8c. .

FORM “‘kick’

PRED <SUBJT 025>

VOICE ACTIVE

TENSE PAST

SUBRT [ FORM ‘Johnny’ ]

[a )= sPFOEM fthe’
TORM ‘bucket’
HUMBER =G

ADTS [ FORM fyestarday’ ]

—_

gd. ec_kick ::
|5

WORD FORM rtinr”s
TECE GZNERAL

IDIOM El “¥iclk-
E2 ‘the’
E3 ‘buckeat”’
cl ‘=iz’
TECE GENZRAL
\ETD-T-IDM-VOZV

\STD-T=TRAN

Once it is determined that 2 sentence can have the idiomatic trans-
lation, 'the mecessary f-structure change will then follow. In the case of 1o
kick the bucker, the appropriate translation in Chinese is siF ‘to die’, an
intransitive verb; hencs, the label OBJ in the source f-strucmare must be
deleted, resulting in 8c.

Since there are other similar idioms, e.g. hir the road, which have
identical f-structure requirements for their idiomatic reading and also
need the same transformations oo their f-structures, rather than making
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Ba, ac hit ::

[y

WCRD FORM “dal’
TECH GENERAL

— =3
FhiL

’Ege’

E3 ‘rgadf

ClL 'ehulfal’
TECH GENERATL
\NSTD-T-IDM-TO2T

\STD-T-TRAN

IDI0M

[LRE)
(S

8f. e STD-T-TDM-VO2¥ ::

by
..ID
0t
iz
A A=
w3
Cip=
EJ‘
1}
o
£
W

a
&

|
t
il
faj
£
H

—
ACTION | TRAN (<! Cl> , <! FORM>)
DELIAS (r , OBJ)

the requirements unique to the transfer entry of kick, we opt to define the
manner of translation and structure change in a separate template (shown
mn 8f). The idiosyncratc source and targer lexical forms relevant to the
individual idioms would still have to be supplied by the transfer entries,
as shown in 8d and Be. :

Note that ‘A :~ B’ indicates that ‘A is subsumed by B'. Since, whenever
the f-structure of a sentence is subsumed by the minimally specified f-
structure of an idiom in a transfer entry, transladon of the sentence will
proceed according to the conventional meaning of the idiom, ambiguity is
resolved again in favour of the idiomatic meaning.

13 Phrasal Verbs

Phrasal verbs are verbs with certain prepositions or adverbial partcles
that they zovem. Although the translation of a phrasal verb may not be
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the sum of the translation of its parts, it is dimerent from a transier idiom
in thar the internal syntactic structure of a phrasai verb, though also
relevant to that of the sentencs, cannot be predicted from the general
behaviour of the verb and thus needs extra information in the sourcs
lexical entry for the correct analysis. Consider the foilowing examples:

9a. I will look up her phone number.
9b. I will look her phone number up.
9¢.” I will look down her phone number.
9d.* I will look her phone number down.

The verb look ordinarily does not behave like 2 mransitive verd; how-
ever, her phone number in 9a and 9b does behave like an object. Also,
although look may co-occur with the particle up and behave transitively,
what particles it may or may not co-Occur with in this syntactic construc-
tion cannot be predicted. as shown in 9¢ and 9d. Thereiore, for sentences
9a and 9b to parse correctly, 1t 1S necsssary to have information in the
lexical entry of look about the pariicular adverbial particle(s) that it can
govern. and only when the spesified particle is present can the verb taks
an object. Furthermore, for the phrase 10 translate appropriately, it is
also necessarv to have a lexical ransfer entry simiiar to that of a transfer
idiom thar specifies the minimal f-structure of the phrasal verb and how it
should be wanslated. And for a sentence to have the idiomatic reading of
look . .. up. its functional structure must be subsumed by the f-structure
minimally specified in the transfer entry of the head-verb of the phrasal
verb, i.e. look. Again, in order to maintain generality in accommodating
other similar idioms that need the same structure change, €.2. look. ..

iga. ec_leok ::

- WORD FORM “kans’
TECE GENERAL

I 1

IDIOM ElL *lcck’

E2 'up’

cL reha’

TECE G=ZNEZAL
\STD=-T-IDM=-VETCL2V

Bl *lcok”’

E2 fovar’

ci ‘jianachal’
TECE GENERAL
I_FSTDFT—IDva?TCLzY

!
\STD-T-TRAN

L— —
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10b. eX STD=T=~IDE=-VPTCLZV i

-
||j

T = FOREM LE
PRED <SUBJT OBI>
PTCL [ FORM :E2 ]
OBT ANY

ACTICN | TRAN (<! Cl> , <i FORM>)
DELIAE (t , 2TCL)

over, we abstract this minimally specified {-structure of the idiom and the
necsssary operations on the source f-structure from the transfer entries
and purt them into a separate standard eatry (shown in 10b).

The operations specified in ACTION first replace the FORM of the
verbs in look . . . up and look . . . over with the appropnate Chinese trans-
lation Cha2 and jign3cha2 respectively; then, since both Chinese verbs
are mransidve verbs, the label PTCL (particle) will be deleted by the
internaily defined funcrion DELLARB (delete Iabel).

5. Conclusion

In this paper we have demonstrated that the LFG-based ECS machine
transladon system has the capability to handle lexical items as well as
idioms efficiently. The implementation of standard inheritance entries
and the dag representaton of lexcal entries and f-structures facilitates
the flexible and swadicadonal development of the lexicon. Accordingly,
strucrure changes and proper translation selecdon are suffideatly accom-
plished during the transfer stage.

The treatment of idioms in the ECS machine transladon system is
based on the following three principles: (1) If the internal synracric
strucrure of the idiom is relevant to parsing, then the idiom will not con-
stitute a separate eatry in the source language. (2) However, if addidonal
information is nesded for correct analysis, then such information is
specified in the source lexical entry of the head word in that idiom. (3)
The account of appropriate idiomatic wanslation is left to the transfer
entries.

This approach of treaung idioms clearly observes the ‘conventionality
principle’ that the non-<ompositional, idiomatic, conventional meaning
of phrases should be preferred (van der Linden and Kraaij 1990). By
recognizing certain phrases as lexical elements and also shifting the
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resolution berwesn the literal, compositional translation and the idioma-
tic, non-compositional translation to the transfer stage, this approach
bypasses the complication of multiple analyses anising from idioms; thus,
there is no increase of the load on processing in the analysis stage.
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