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1. Introduction

An early motivation for Synchronous TAG (S-TAG) (Shieber and Schabes, 1990) was machine translation
(Abeillé, Schabes and Joshi, 1990). Abeill´e et al note that traditionally difficult problems outlined by Dorr
(1994)—for example, categorial, thematic, conflational, structural and lexical divergences—have been used to
argue for the necessity of an explicit semantic representation. However, many of these divergences are not prob-
lems for an S-TAG-based approach. Synchronous TAG translation models thus allow us to explore the question of
the extent to which a semantic representation is actually necessary.

S-TAG was redefined by Shieber (1994) for both theoretical and practical reasons, introducing the requirement
that the derivation trees of target and source be isomorphic. Under this definition it has been noted (Shieber, 1994;
Dras and Bleam, 2000) that there are mappings that cannot be described under S-TAG. This was the motivation for
meta-level grammars (Dras, 1999), by which two TAG grammars can be paired while retaining their original prop-
erties, as under standard S-TAG, allowing for a description of mappings that include unbounded non-isomorphisms
(Dras and Bleam, 2000).

This work on exploring how S-TAG (with and without meta-level grammars) can be used for MT has only
been applied to languages that are closely related—English, French, Italian and Spanish. In this paper we aim
to take a much more widely differing pair of languages, English and Korean, to investigate the extent to which
syntactic mappings are satisfactory.

English and Korean have a wide range of differences: rigid SVO word order in English vs verb-final with
free word order in Korean, the largely analytic structure of English vs the agglutinative structure of Korean with
its complex morphology, optional subject and object and the absence of number and articles in Korean, and many
others. These all suggest that a meta-level grammar will be necessary as there are various many-to-one or many-
to-many mappings between derivation tree nodes (i.e., there will be few cases where a single elementary tree
corresponds to another single elementary tree, which has been the case with closely related languages).

Although there is an implemented Korean/English MT system that includes a TAG Korean parser as a source
language analysis component (Hanet al., 2000), this system as a whole is based on Meaning Text Theory (Mel’ˇcuk,
1988), an enriched dependency formalism. Thus, it requires a conversion component that converts the TAG parser
output to a dependency notation. As pointed out in Palmeret al. (2002), however,this conversion process resulted
in a loss of crucial information such as predicate-argument structure encoded in TAG elementary trees, which had
negative consequences in the translation results. This then provides further motivation to explore the feasibility of
applying a single TAG-based formalism to modeling and implementing a Korean/English MT system.

As a first step towards exploring the extent to which an S-TAG style approach can successfully model these
widely different languages, we have taken from a parallel English-Korean Treebank twenty examples of divergent
constructions (see Appendix). Each half has roughly 50,000 word tokens and 5,000 sentences. While the anno-
tation guidelines for the Korean half was developed in Han, Han and Ko (2001) for this corpus, the English half
follows the guidelines already developed for Penn English Treebank (Bieset al., 1995), as closely as possible.
The example pairs represent structures including copula, predicative/attributive adjective, passive, causative, inter-
rogative, relative clause, complex verb, and modal construction, among others. We find that using a TAG-based
meta-level grammar to model Korean/English correspondences for machine translation is quite feasible.

2. Analyses

In this section we discuss two example pairs of sentences, taken from the parallel Treebank, that illustrates
several divergences, and how an S-TAG with meta-level grammar can handle them. The trees we use for the
subgrammars for the sentences are extracted automatically from the Treebank using Lextract (Xia, Palmer and
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Joshi, 2000).1

2.1. Korean complex NP vs. English modal

The sentence pair in (1) represents a modal construction. The key divergence is that the Korean uses a noun
complement structure, while the English uses a modal adjective structure:

(1) Íá¯´¤Ûå ¬Ûá
tank-Plu-Top

¡Æ

that
£Ûò¦ÏÞ ¬Ûå

ability-Acc
¡µ³½È¬¹ª¸

open-terrain-Loc
¯Öò ¨Öá³È

fully
¨Éå³Ä³Éå

show-Adnominal
ªÁ

possibility
¬Ýñ ªÛî£È¤´.
be-Past-Decl

Tanks are able to fully demonstrate their potential in open terrain.

A closer but less natural translation of the Korean isThe possibility that tanks fully demonstrate their potential
in open terrain exists; the noun representingpossibility is modified by an adnominal clause. The corresponding
English translation containsbe able tofollowed by an infinitival clause. The derivation trees are as in Figure 1,
and the Lextract elementary trees grouped according to the translation pairing in Figure 2.

¬Ýñ ªÛî£È¤´(sS NPs VJ@)

ªÁ(sNP NNX@)

¨Éå³Ä³Éå(m NPs NPs VV@NP*)

Íá¯´¤Ûå ¬Ûá(sNP NNC@) £Ûò¦ÏÞ ¬Ûå(sNP NNC@)

¡Æ(m DAN@NP*)

¯Öò ¨Öá³È(m ADV@VP*)

¡µ³½È¬¹ª¸(m NNC@VP*)

able(sS NPs JJ@Ss)

tanks
(sNP NNS@)

are
(m VBP@VP*)

demonstrate
(sS *e VB@NPs)

potential
(sNP NN@)

their
(m PRP$@NP*)

fully
(m RB@VP*)

in
(m VP* IN@ NPs)

to
(m TO@VP*)

terrain
(sNP NN@)

open
(m JJ@ NP*)

Figure 1: Derivation trees for (1)

1. Note that the Lextract trees do not contain features, although the corresponding Korean XTAG (Hanet al., 2000) trees do.
We will make use of the features where necessary.
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S

NP# ADJP

VJ

¬Ýñ ªÛî£È¤´

NP

NNX

ªÁ

NP

S

NP# VP

NP# VP

VV

¨Éå³Ä³Éå

S

NP# VP

ADJP

JJ

able

S#

VP

VBD

are

VP�

S

NP

*

VP

VB

demonstrate

NP#

VP

TO

to

VP�

NP

NNC

Íá¯´¤Ûå ¬Ûá

NP

NNS

tanks

NP

NNC

£Ûò¦ÏÞ ¬Ûå

NP

DAN

¡Æ

NP

NN

potential
NP

PRP$

their

NP�

VP

ADVP

ADV

¯Öò ¨Öá³È

VP�

VP

ADP

RB

fully

VP�

VP

NP

NNC

¡µ³½È¬¹ª¸

VP�

VP

VP� PP

IN

in

NP#

NP

NN

terrain

NP

JJ

open

NP#

Figure 2: Lextract elementary trees for (1)
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The trees are clearly far from isomorphic. The relationship betweenable andare is inverted between the
corresponding Korean¬Ýñ ªÛî£È¤´ (be) and ªÁ (possibility), althoughdemonstrateis the child ofable (̈Éå³Ä³Éå and
ªÁ respectively) in both. Most crucially, however, the infinitivalto in English, attached todemonstrate, has no
corresponding element in Korean; rather,to anddemonstratecorrespond to the single¨Éå³Ä³Éå in Korean. But,
given TAG’s approach to modification, an unbounded number of modifiers (fully, the PP headed byin) can be
inserted betweendemonstrateandto, giving an unbounded non-isomorphism. In other examples we have noted
that this unbounded non-isomorphism is quite prevalent, occurring inter alia with nouns and determiners.

Other divergences attested in (1) are thattanksis an argument ofable, but Íá¯´¤Ûå ¬Ûá (tanks) is an argument
of ¨Éå³Ä³Éå (demonstrate); and that the prepositionin is represented by the suffixª¸, a type of correspondence that
occurs frequently because of the analytic–agglutinative language mismatch. Using the algorithm of Dras (1999),
however, it ispossible to construct a meta-level grammar to characterize appropriate paired substructures in the
trees, as in Figure 3. The basic principle is that the divergent material is captured by the multi-level tree pairs (such
as 19–A), in particular in cases with unbounded non-isomorphisms, where the recursive material (such as 19–D
and 19–E) is factored out. The other structures that are not a cause of the isomorphism violation continue to to
be paired by single-level tree pairs (either as in 19–B, or in cases not illustrated here where there is a single node
corresponding to a lexicalized tree plus a substitution node).2

19--A:� �sS NPs JJ[able]

�sNP.*# �mVBP VP*[are] �sS *e VB NPs[demonstrate]

�sNP.*# �m .*VP*.*

�m TO VP*[to]

�sS NPs VJ[ ¬Ýñ ªÛî£È¤´]

�sNP NNX[ ªÁ]

�mNPs NPs VV NP*[ ¨Éå³Ä³Éå]

�sNP.*# �sNP.*# �m .*VP*.*

�

19--B: � �sNP NNS[tanks] �sNP NNC[Íá¯´¤Ûå ¬Ûá] �

19--C:

�
�sNP NN[potential]

�mPRP$NP*[their]

�sNP NNC[ £Ûò¦ÏÞ ¬Ûå]

�mDANNP*[ ¡Æ]

�

19--D:

�
�mRB VP*[fully]

( �m .*VP*.*) �

�mADVVP*[ ¯Öò ¨Öá³È]

( �m .*VP*.*) �

�

19--E:� � VP* IN NPs[in]

( �m .*VP*.*) � �sNP NN[terrain]

�mJJ NP*[open]

�mNNCVP*[ ¡µ³½È¬¹ª¸]

( �m .*VP*.*) �

�

Figure 3: Meta-level grammar for (1)

The groupings that arise from the algorithm are fairly intuitive. 19–A represents the conceptthe ability of X
to demonstrate Y(X here beingtanks and Ypotential), with two consequent argument slots, and one slot where
a modifier can be adjoined marked�m .*VP*.*. 3 19–B and 19–D are straightforward; 19–C aggregates the
nodes because in general Korean does not use determiners, so an English noun and determiner correspond to a

2. If a pairing of isomorphic trees was expressed by a meta-level TAG, all trees would be single-level.
3. This regular expression represents a node where any tree with a root whose label matches can adjoin; technically this is
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19--A

19--B 19--C 19--E

19--D

Figure 4: Meta-level derivation for (1)

single unit in Korean (although this is not the case here, we follow that general principle); and 19–E represents the
correspondence between the English PPin open terrainand the single Korean¡µ³½È¬¹ª¸. Under this meta-level
grammar we have isomorphic meta-level derivation trees for English and Korean with structure as in Figure 4.

Note that, as a next step, the obvious generalisation is to have a single parametrized tree pair in cases like 19–A
and 19–E. From 19–A we will have the same structure forX are able to demonstrate Y, X are able to see Y, and so
on, with a Korean correspondent for each choice of verb. From 19–E we will have the same structure forin open
terrain, near open terrain, and so on, with a corresponding Korean suffix for each choice of preposition. With the
suffixes in Korean XTAG represented by features, the approach would be similar to that of Abeill´e, Schabes and
Joshi (1990) for cases where the French and English share a feature-related attribute like number.

For the example here it could be argued that perhapsto ‘should’ be in the same tree asdemonstrate, and that
in general there should not be separate elementary trees for function words. Frank (2001) argues for functional
elements to be part of lexical elementary trees, and this is the principle used in building the large-scale French
TAG grammar, although each has different ideas as to which trees functional elements should be included in.
However, part of the aim of translating with S-TAG is to use already existing grammars; there are not special
separate grammars for translation that have matching choices about function word treatment. And it is unlikely
that all choices would match in any case, for example with determiners, which would be likely separate in English
and French, but not in Korean.4

2.2. Copula constructions

Korean does not have an explicit copula; this gives rise divergences as in the sentence pair (2).

(2) ¡Ïò¡È¡Òá ¯Ñò
light-machinegun

¨Öá¤µÉò ¬Ûá

squad-leader-Top
Öòª´¬Ýî£È¤´.
sergeant-Cop-Decl

The light machinegun squad leader is a sergeant.

This is not problematic because of the way in which TAG conventionally represents copular constructions,
where the predication is the root of the derivation and the copula is adjoined in. Derivation trees are as in Figure 5.

The feature of interest in this translation is the absence of Korean determiners, as mentioned in the previous
example. The combined noun-determiner in English thus corresponds to only the noun in Korean; and there can
be recursive intervening material (such aslight, machinegunandsquadbetweentheandleader). Thus we again
have an unbounded non-isomorphism, and we handle it with a meta-level grammar as in Figure 6.

3. Discussion

In our analysis of twenty sentence pair types (see Appendix) chosen to illustrate particular divergences not
typically found between closely related languages, a TAG meta-level grammar is basically adequate for describing
the mapping between them, using the algorithm of Dras (1999).

because the labels are really just features (Kasperet al., 1995; Dras, Chiang and Schuler, 2002). Thus, slightly confusingly,
there are three types of asterisk in a meta-level grammar. Firstly, there is the asterisk that is part of the name of an XTAG or
Lextract tree; this is indicated by a normal aterisk *. Secondly, there is the asterisk to indicate a regular expression over these
names; this is indicated by a bold asterisk* . Thirdly, there is the asterisk to indicate a footnode in a meta-level auxiliary tree;
this is indicated by a subscripted asterisk�. All three occur in, for example, the right projection of 19–E.
4. In fact, the fact that F-TAG includes function words in lexical trees and the XTAG English grammar does not suggests that
a meta-level grammar may be useful there also.
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Öòª´¬Ýî£È¤´(sS NPs NNC@)

¨Öá¤µÉò ¬Ûá(sNP NNC@)

¡Ïò¡È¡Òá ¯Ñò(m NNC@NP*)

sergeant(sS NPs NN@)

leader(sNP NN@)

squad(m NN@NP*)

machinegun(m NN@NP*)

light(m JJ@NP*)

the(m DT@NP*)

a(m DT@NP*) is(m VBZ@VP*)

Figure 5: Derivation trees for (2)

05-A:� �sS NPs NN@[sergeant]

�sNP.*# �mVBZ@VP*[is] �mDT@NP*[a]

sS NPs NNC@[Öòª´¬Ýî£È¤´]

�sNP.*#

�

05-B:

� �sNP NN@[leader]

�mNN@NP*[squad]

�m .* NP*.*

�mDT@NP*[the]

�sNP NNC@[¨Öá¤µÉò ¬Ûá]

�m .* NP*.*

�

05-C:

� �mNN@NP*[machinegun]

�mJJ@NP*[light]

( �m .* NP*.*) �

�mNNC@NP*[ ¡Ïò¡È¡Òá ¯Ñò]

( �m .* NP*.*) �

�

Figure 6: Meta-level grammar for (2)

05-A

05-B

05-C

Figure 7: Meta-level derivation for (2)
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The major exception is with some adverbial modifiers that can occur both sentence-initially and adjacent to
VP without any semantic difference. Because TAG is fundamentally a constituent-based formalism, it is necessary
to have two different trees for such modifiers (e.g.,soon) depending on the location of the modifier (S-rooted and
VP-rooted). Thus, in a sentence pair as in (3) in whichnow is VP-adjoined andÈ ¡Ûí (‘now’) is S-adjoined, it
is not possible to build a reasonable TAG meta-level grammar. To see this examine the derivation trees given in
Figure 8. Most nodes pair up straightforwardly (on schedulepairing with ¡»³ÔÞ¤µ¦¼, with the Korean containing
a suffix to parallelon); the exceptions are the nodes fornow andproceeding, which would have to be grouped
together because of the different dominance relations (¡»³ÔÞ¤µ¦¼ being immediately dominated byÝá³Êò¤¿¡¼, but
there being the possibility of unbounded intervening material betweenproceedingandnow). This grouping of
proceedingandnowwould be fairly unprincipled, asnow is a case of recursive material that does not belong in an
elementary tree pair at the meta-level. That is, a meta-level grammar is still formally adequate, but linguistically
undesirable.

(3) È ¡Ûí
now

¡Æ

that
¡Ñò¡ÏÞ

attack
Öá¨È¡´

preparations-Nom
¡»³ÔÞ¤µ¦¼

plan-as
Ýá³Êò¤¿¡¼

proceed-Pass-Auxconn
¬Ýñ ªÛî£È¤´

be-Past-Decl

The attack preparations are now proceeding on schedule.

Ýá³Êò¤¿¡¼(sS NPs VV@)

Öá¨È¡´(sNP NNC@)

¡Ñò¡ÏÞ(m NNC@NP*)

¡Æ(m DAN@NP*)

¡»³ÔÞ¤µ¦¼(m NNC@VP*) È ¡Ûí(m NNC@S*) ¬Ýñ ªÛî£È¤´(m VP* VX@)

proceeding(sS NPs VBG@)

preparations(sNP NNS@)

attack(m NN@NP*)

the(m DT@NP*)

on(m VP* IN@NPs)

schedule(sNP NN@) now(mRB@VP*)

are(m VBP@VP*)

Figure 8: Derivation trees for (3)

However, no semantic difference will result ifnowwere sentence-intial in the English, or ifÈ ¡Ûí (‘now’) were
adjacent to the verbÝá³Êò¤¿¡¼ (‘proceed’) in the Korean. This means that even if the Treebank translation does
not allow a meta-level grammar, one is possible just by moving the modifier. From our initial exploration, then, a
meta-level grammar appears to be a promising candidate for describing English-Korean translation.

The next stage of the work is to build a prototype system and use a Lextract-like approach to extract a meta-
level grammar from the parallel Treebank. Lextract already provides us with elementary and derivation trees for
Treebank pairs; the algorithm of Dras (1999) gives a systematic method for identifying paired substructures in
derivation trees. Further, our prototype system will include a generation component (for Korean and/or English,
depending on what the target language is) that generates derivation and derived trees from a given meta-level
derivation structure.

A. Sample divergences

#simple declaratives
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(4) ¹¡´
I-Nom

¤µ¤µÉò³Éá±¹

battalion-commander-to
¡Òá ¯ÛÞ

observation
ª´³Éò ¬Ûå

stuff-Acc
¼̈ ¡¼³´¬Íñ ªÛî£È¤´.
report-Past-Decl

I reported my observations to the battalion commander.

#declarative with object scrambling

(5) ¡Æ ¤Ûå¬Ç
their

¡Å §¼£´

size-or
§Ïò¯Ýò ¬Ûá

designation-Top
¸ £Ûá

I-Top
§¼ ¦Ûî£È¤´.
don’t-know-Decl

I don’t know their sizes or designations.

#attributive adjective

(6) ¤¼ ¦¼¬Ç
road-Gen

ªÉò±µ¬½

condition-Conj
ÍÞ

enemy
Íò³Òò

situation
Öò ¬À³Éá

be-important-Adnominal
¬À ª¼¡´

factor-Nom
¤Ôî£È¤´.
be-Decl

Road conditions and the enemy situation are key factors.

#predicative adjective

(7) ¤µ¤µ
battalion

Íò¯È

political
¡Öá¡Òá¬Ç

office-Gen
¡×á³Éá ¬Ûá

authority-Top
¤µ¤Éá³È

very
°ÆÈ¬À.
extensive-Decl

The authority of the battalion political officer is very extensive.

#copula sentence

(8) ¡Ïò¡È¡Òá ¯Ñò
light-machinegun

¨Öá¤µÉò ¬Ûá

squad-leader-Top
Öòª´¬Ýî£È¤´.
sergeant-Cop-Decl

The light machinegun squad leader is a sergeant.

#Korean passive morphology! English passive form

(9) Á̈¤µ
unit

§Ïò¯Ýò ¬Ûá

designation-Top
±ÑòªÉò

normally
¬Éí ³¼¦¼

code-in
³´¤Éå¤Ôî£È¤´.
transmit-Pass-Decl

Unit designations are normally transmitted in code.

#Korean passive morphology! English active form

(10) È ¡Ûí
now

¡Æ

that
¡Ñò¡ÏÞ

attack
Öá¨È¡´

preparations-Nom
¡»³ÔÞ¤µ¦¼

plan-as
Ýá³Êò¤¿¡¼

proceed-Pass-Auxconn
¬Ýñ ªÛî£È¤´.
be-Decl

The attack preparations are now proceeding on schedule.

#Korean active form! English passive form

(11) ¡Æ¦¸£È¢´
so

¤¸

any
¬ÈªÉò

more
¡Æ¦Íá

that
ªÍáÍá¬¹£Ûá

propaganda-by-Top
ªÑÞÈ

deceived
§´!
don’t

So don’t be deceived by that propaganda anymore!

#lexical causative

(12) £Öá¼̈¦´¡´
snowstorm-Nom

¡À ±Ñò ¬Ûå

traffic-Acc
§´¨ÈªÈ°È¬Íñ¤´.
paralysis-Cause-Past-Decl

The snowstorm paralyzed the traffic.

#structural causative

(13) Öò¤µ
compay

±ÛÞ §ÁÉò ¬Ûá

first-sergeant-Top
Öò¤µ

company
ªÍò¬×á ¤Ûå¬È

members-Nom
§Á¡È¬½

weapons-Conj
±Éá¬ËÞ ¬Ûå

ammunition-Acc
¡Éó ¤¼¦ÑÞ

have
³Éî£È¤´.
make-Decl

The company first sergeant ensures that the members of the company have the weapons and ammunition.
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#structural causative

(14) ¡Æ¦¸§Ïá
then

¤µ¤µÁ̈¡´

battalion-HQ-Nom
¤µ¤µ

battalion
¡Ñò ¡Ûî¨Éá³Éá±¹

supply-section-to
±Éá¬ËÞ ¬Ûå

ammunition-Acc
ªÁ ªÑò³´¤¼¦ÑÞ

transport-Caus
³´¬Íñ ªÛî£È¤´

do-Past-Decl

Our battalion HQ then had the ammunition brought in by the battalion’s supply section.

#yes-no question

(15) ª¼¤µÉò¬Ç
platoon-leader-Gen

³¼ ¯Öå¤µ³¼¡´

call-sign-Nom
¨´¢Ä¬Íñ £Ûá¡´?
changed-Past-Int

Has the call sign of the platoon leader been changed?

#wh-question

(16) Íá²´
radio(wave)

È³ËòªÍò

directional
¡Ñò ÖòªÍá ¬Ûá

antenna-Top
¬¸¥Íá

what
§ÁÍá¡È¦Ûå

radio-Acc
ª´ ¬Õò³´£Ûá¡´?
use-Int

What types of radios is the inclined beam antenna used with?

#relative clause

(17) ¡Æ
that
§ÁªÍá

radiotelephone
Íá³½ªÁ¡´

operator-Nom
ª´ ¬Õò³Éá

use-Adnom
¯ÊÞ ¬Ûá

book-Top
°Íñ¤´.
big-Past-Decl

The book that the radiotelephone operator used was big.

#Korean morpheme! English word

(18) ²¼¨Ïò
artillery

È¬×á

support
Á̈¤µ¡´

unit-Nom
¤µ¤µ¬¹

battalion-To
¨µ ªÑÞ¤¿§Ïá

attach-Pass-when
¬È ¤Ûå ¤¼

these-persons-also
¼̄¤Éá²´§Éò ¬Ûå

microwaves-net-Acc
ª´ ¬Õò³Éî£È¤´.
use-Decl

When artillery support units are attached to the battalion, they would use the VHF network also.

#Korean noun and light verb! English verb

(19) ªÑòªÝá¡È£´
transmitter-and

ªÁªÝá¡È£Ûá

receiver-Top
¡´ ¢Ûí

occasionally
ªÑáÝå ¬Ûå

cleaning-Acc
³µ¬¶

do-Auxconn
³Éî£È¤´.
must-Decl

One must clean the transmitters and receivers occasionally.

#Korean complex verb! English verb and adverb

(20) ¡Æ
that
²ÏáÈ

letter
¸³Éá±¹

me-To
¤Ñå¦È¬¸

handover-Auxconn
ÁªÝîªÈ¬¼.
give-Imp

Please give me back the letter.

#Korean complex verb! English verb and preposition

(21) ¨Öá¤µÉò ¬Ûá
squad-leader-Top

¡Æ

that
Á̈ªÉò¨Ïò¬Ç

wounded-soldier-Gen
£Öá ¬Ûå

eye-Acc
¼ªÝí ªÆ¦Íî¡¹

carefully
¤Ûå¬º¤´

take-in
¼̈¬Éñ ªÛî£È¤´.
look-Past-Decl

The squad leader carefully looked into the eyes of the wounded soldier.

#Korean complex noun phrase! English modal auxiliary verb construction

(22) Íá¯´¤Ûå ¬Ûá
tank-Plu-Top

¡Æ

that
£Ûò¦ÏÞ ¬Ûå

ability-Acc
¡µ³½È¬¹ª¸

open-terrain-Loc
¯Öò ¨Öá³È

fully
¨Éå³Ä³Éå

show-Adnominal
ªÁ

possibility
¬Ýñ ªÛî£È¤´.
be-Past-Decl

Tanks are able to fully demonstrate their potential in open terrain.

#Korean intransitive verb ! English transitive

(23) T-54
T-54

±Êò °Æ£Ûá

tank-Top
¨Éå¬Ïá³Êñ ¬Ûî£È¤´.
smoke-emit-Past-Decl

The T-54 tank emitted smoke.
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