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COMPOUNDS IN A TRANSFER BASED MACHINE TRANSLATION SYSTEM*

ANGELA RALLI

ln this paper, we deal with the treatment of compounds, whether one-word or multi-word, in a
transfer based machine translation system. We examine the issue of keeping the hierarchical
structure of compounds below the level of syntactic representations. Such a treatment is not only
motivated by the general hypothesis of an autonomous morphological component, but it also
allows compounds to be translated in a simple way across European languages. Our claims are
supported by examples taken from Greek, English, German and a certain number of the Romance
languages such as French, Italian and Spanish.

0. Introduction

Machine Translation constitutes a procedure according to which the translation of a
text is obtained by the computer. During this procedure, the computer must be able to
produce a text into another language whose meaning is the same as that of the original
text. The language of the input text is called (source language> (henceforth SL) and the
language of the output text is usually known by the name of darget language> (hence-
forth TL).

Research and development in machine translation are guided by different strategies.
For the last two decades, three strategies prevail in the design of machine translation
systems: direct translation, the transfer approach and the interlingua approach.

According to the first approach, every sentence of the text is translated through a
series of principal stages (usually about l0), such as dictionary lookup, morphological
analysis, processing of idioms, subject-predicate identification, etc. (cf. Nirenburg (eds)
1987 for more details about this approach).

The transfer strategy consists ofparsing every SL sentence into an abstract represen-
tation. From this representation, the sentence must be translated into a corresponding
structure of the target language.

Finally, the interlingua strategy consists of developing a language-free conceptual
representation onto which the source text is mapped. From this representation, the
target text is obtained with the help of a natural language generator.

In this paper, we will formulate a proposal for the translation of compounds accord-

* I would like to thank Manuel Espagnol and Celia Roniotes for their helpful comments on an

earlier draft of this paper.
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ing to the transfer translation approach: we are most familiar with this particular

method from working for the transfer based EUROTRA machine translation project.

1. About the transfer strategyr

In a machine translation system, the transfer strategy depends mainly on defining a
language independent representation by which the SL sentences are parsed. On the
basis of this representation, transfer is achieved at both the lexical and structural levels
into TL corresponding structures. The source sentences are monolingually analyzed
according to the analysis component of the source language. Their translational coun-
terparts are generated after being composed by the generation component of the target
language. The content of the transfer representation varies from purely syntactic to
syntactico-semantic information2.

The transfer module is a bilingual component where language pairs involved have to
be as similar as possible in order to keep the transfer procedure simple. Therefore, the
burden of the work is shifted from the transfer part to the stages of the SL analysis and
the TL generation. Schematically, the process of translation in a transfer based machine
translation system can be illustrated as follows:

Analysis

I
Transfer Module

I
Generation

Generally, transfer can be kept simple if lexical items from the source language are
translated into lexical items of the target language without any substantial change in the
information involved (e.g. change in the grammatical category of an item with all the
implications that such a change would have on the representation of the target language
sentence). Transfer can also be simple if a SL structural representation is mapped onto
an identical TL structural representation. However, more often than not, transfer is

L The transfer approach has been developed and adopted by Machine Translation groups such
as GETA in Grenoble (Vauquois 1975, Boitet et al. 1985), SUSY in Saarbrticken (Maas 1984)
and the EUROTRA project supported by the European Community.

2. The content of the transfer representation could be augmented by inference mechanisms which
apply world knowledge.

( l )
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complex because, either there is a radical change in the structure of translated sentences
or an expansion of a lexical item into a structure.

Compounds, or multi-element morphological structures represent a typical case of
complex transfer because, between language pairs, a number of one-word compounds
require translations as syntactic constructions. For example, the one-word compound
pfl,tti is translated into the English correspondent structure <<apple treer>.In the same
way, the German compound word Nachkriegsphase <post-war period> has a corres-
pondent noun phrase in Greek <perurolepuc4 nepto6o6>.

In this paper, we will focus on these cases of complex transfer, which.among other
things, also address the general theoretical question about the grammatical status and
the structure of words. We will propose a specific treatment for the items considered to
be compounds, which, in our view, contributes to the reduction of problems caused by
complex transfer cases. We will support our claims with examples from a certain
number of European languages such as Greek, English, German, French, Italian and
Spanish3.

2. Definition of compounds

Compounds are morphological objects, the structure of which is generated (or
analyzed) by a restricted set of word formation rules. They contain at leasttwo lexemes;
lexeme is taken to be either a word or a stem/root constituent; one of its main charac-
teristics is the lack of subcategorization frame which applies only to affixesa.

Compounds are headed objects. The location of the syntactic head of a compound
depends on the language. For example, Greek one-word compounds are always right-
headed. Identification of the head is critical for proper percolation of feature values to
the dominating node of the structure of compounds.

Compounds that are included in the scope of the proposed treatment must be
compositional in meaning and productively derived. As there are no formal criteria in
establishing semantic compositionality, only fully opaque compounds as far as their
interpretation is concerned, will be excluded from this treatment (e.g. English dumb-
waiter, Greek )"eagopeto <school-bus>). As a matter of fact, the latter will be consi-
dered as single atomic units without an internal structure. Productivity is in turn de-
fined by morphological and grapho-phonological regularity in word formation5. That is
to say, exocentric non-headed compounds will also be treated as listed atomic units (e.g.
redhead\.

Phrasal syntactic rules never operate within the structure of compounds;this follows

3. The position adopted here for the treatment of compounds in a transfer based machine
translation system can be traced in a paper written for EUROTRA by Ananiadou and Ralli
1989 (cf. References).

4. A subcategorization frame contains information relevant to the change of grammatical catego-
ry which is pcrformed through the process of derivational affixation. That is to say, when a
specific aflix is added to a stem (or to a word) of a specific grammatical category, the created
object assumes the category of the affix. For example, the English verb standardizeis produced
by the addition of the verbal suflix -r2e to the nominal basis standard.

5. We refer to grapho-phonological regularity because machine translation deals with language
in its written form.

l l 9
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from the Lexical Integrity Hypothesis (Lapointe 1979), which forbids any interaction

between syntax and the word formation component.
Recently, the Lexical Integrity Hypothesis has been reformulated by A.M. Di Sciul-

lo and E. Williams (1987) as <Syntactic Atomicity Principle>. According to this princi-

ple, <morphological objects are 'atomic' at the level of phrasal syntax or phrasal seman-

iics: they have 'features' or properties, ..., but the relation of these features to the

internal composition of words cannot be relevant to syntax) (DS&W 87:49,53). There-

fore, words are opaque to syntactic descriptions and operations.
It is worth noting that the Syntactic Atomicity Principle also holds for a class of

entities which do not have a traditional morphological form (i.e. one-word units), but

behave like words in syntax. These entities can be multi-word structures, but, they

display the general properties of words (i.e. Xos) with respect to phrasal syntax. Di

Sciutto and Williams call them'syntactic atoms'and they provide the following defini-

tion:
<Let us call anything that can be inserterd into an X0 position in syntax a syntactic

atom).
The Syntactic Atomicity Principle is more general than the Lexical Integrity Hy-

pothesis because it also refers to entities bearing more than one-word constituents (e.g.

iruit market). Note that the internal structure of these items appears to be syntactically

derived, but they also share many common properties with a certain number of mor-

phological objects whose form is of one-word:
a) ihey behave as atomic units with respect to phrasal syntax and to a certain

numbir of syntactic operations. For example, they do not contain any referential

material and it is difficult to construct a syntactic phrase without including any

referential material.
b) In most of these constructions, the meaning is not fully compositional; that is, it

does not follow from the meaning of their constituent parts,

i.e. English : information technology
French : mot cl6 <keY word>
Greek : nomos-plesio

lit. daw-frameD
Italian : uomo scimmia

lit. <man-monkey>.
Syntactic atoms are closely related to morphological objects and particularly to

compounds. Therefore, both will be treated here as compounds, no matter whether they

are one-word or multi-word constructions. It should be stressed that it is critical to

determine the status of these constructions with respect to syntax and morphology, i.e.

whether they are phrasal or lexical entities. Multi-element compounds forming one-

word are conventionally seen as clearly belonging to morphology. There is considerable

debate over the status of multi-word compotrnds. That is why, results from recent

research (i.e. the syntactic atomicity notion) enable us to view multi-word compounds

as atomic with respect to syntax and treat them as morphological constructions6. Thus,

6. As far as Modern Greek is concerned, multi-word compounds were first located by A. Ava-

orcorri6rl-Eupeovi[q (1986). In her study, the author stresses the peculiar behavior of these
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for syntax, all compounds have a dominating major lexical category and syntax has no

access to the compound's substructure. Therefore, they will be considered as creations

of an autonomous morphological componentT.

3. Machine translation and compounds

3.1 Morphology in machine translation

In machine translation, morphological analysis is usually seen as an uninteresting

task for the level of transfer because words can be listed in a dictionary. They can be

used as units without an internal structure and there is no need to identify their consti-

tuents. As we have already seen ($ l.), as far as compounds are concerned, this strategy

may cause a lot of difficulties in transfer: noun phrases in a language are structurally

represented whereas in another language, their translation counterparts may corres-

pond to one-word compounds usually treated as a lexical item. For example, when the

German one-word compound Kooperationsprogramm is translated into the French

nominal structure progi"^^e de cooplrationtransfer becomes complex because a leaf

in the structural iepresentation of the source language has to be expanded into a

structure in the targit language or a SL structure has to be condensed into a TL leaf:

(2) No <r-+>
I
I

Kooperationsprogramm

NP

l
programme l- 

---l
t-

N
I

PP

NP
l

N
I

coop6ration

P
I

de

items with respect to syntax and she calls them dexical phrases>. According to her analysis,

Greek multi-word compounds (lexical phrases for Avcotcotd6rl-Xupecovi6rl) are distributed

in three different structural patterns:
a. Adjective + Noun, e.g. 6taoclptr6 )'erogopeio <space-bus>

b. Noun + Noun in genitive, e.g. opri8o epycotag <working team)

c. Noun + Noun in nominative: e.g. ncprilowaq 6v0ponoq <human facton.

At the time the book was written, no specific morphological treatment *as available for

multi-word compounds. Therefore, Avcotootri6q-Eupeovt64 provides a specific syntactic

analysis for them.
In this paper, all Greek compounds productively derived will be considered as belonging to an

op.n ,"t of structures related to morphological constructions. They will be distinguished into

one-word (i.e. morphological objects) and multi-word compounds (i.e. syntactic atoms). The

two categories are different in some ways, but they are both words, in a well defined word

formation sense of the word. For a detailed account of one-word and multi-word compounds

in Greek, cf. Ralli '90 in Proceedings of the I lth Meeting of the Dept. of Linguistics, Univ. of

Thessaloniki (forthcoming).
7. This treatment however does not cover the class of idiomatic phrases; the latter belong to a

close set of lexicalized syntactic constructions and their meaning is not compositional (e.g.

nclpvco 1t&pa <take measures>).
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Problems of translating leaves into structures and vice-versa could be avoided if we
follow a different strategy, according to which, all compositional compounds are treat-
ed as structured representations. As a consequence, it will be easier to map representa-
tions than being obliged to transfer lexical items into structures.

Every principled treatment of SL morphological objects is linguistically motivated,
since morphology is now considered to be a grammatical domain with its own princi-
ples and rules. Furthermore, many corresponding TL structures could be considered as
syntactic atoms and as such they could receive a morphological treatment. As we have
already seen, syntactic atoms refer to the notion of word conceptually distinct from the
traditional view of the word as one typographical unit because a well defined number of
multi-word units have an apparent syntactic form, but their internal structure is pro-
duced and affected by rules and principles which are different from the phrasal syntactic
ones. Following these remarks, every transfer procedure which involves translation of
morphological structures, should keep this process separate from the subprocess of
translating sentential structures. This position is in accordance with the hypothesis that
morphology constitutes an autonomous grammatical component.

3.2 Autonomous morphological component

In theoretical linguistics, Borer (1988) has proposed to regard morphology as an
independent module, operating in parallel with the syntactic component. In such a
system, word formation takes place outside syntax but at different levels of syntactic
representation resulting in slightly different syntactic properties. Consequently, some
morphological constructions may be available prior to a number of syntactic operations
(e.g. all derivational structures triggering a grammatical category change) and some of
them may follow (e.g. multi-word constructions, involving word internal inflection (cf.
Borer 1988 for details), providing their output does not violate any independent well-
formedness conditions which are applicable at the syntactic levels. Schematically, these
views could be represented as follows:

Insertion to terminal
nodes of tree-structured

representations

If these views are applied to machine translation, then, every treatment of one-word
and multi-word compounds would consist of establishing an independent structural
representation of morphologically created objects which are compositional in meaning
and generated by productive word formation mechanisms.

Representations of sentences will then be structured in two levels:
a) the upper level, which will be dedicated to phrasal syntax and phrasal semantics,
and
b) the lower level, which will be dedicated to morphological constructions.
For a phrasal syntactic representation, a multi-word compound would have a dom-

inating major lexical category and phrasal syntactic operations will not be free to apply
to the compound's substructure.

(3)
Syntax

Levels of
Syntactic

Representation
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A morphological structured representation is opaque to phrasal syntax if the rules

of phrasal syntax can only inspect the topmost feature bundle of this morphologically

built object. In order to computationally implement this notion of opacity, one can

adopt a special device to characterize the topmost nodes which expand into structured

representations output by the sublevel of morphological constructions. This ddvice

would act as a special blocking mechanism preventing syntactic rules from applying in

word internal constructions; it could be nothing else than the well known zero barlevel

feature (X.) which characterizes all items appearing as terminal nodes in syntactic

tree-representations.
According to the remarks outlined above, a Greek sentence like O fttivvr1S entorcf-

g04re rnv Kp€arayopd qE neprcyqE rou <John visited the meatmarket of his area))

would be monolingually analyzed as follows:

(4) Syntactic Structure

r__ !____ -  -  - l

NP vP

t23

r - - - - '1  r -  - - - -1
D N V N P
| _ | ^_-_--.1 ^ f - '  -- ' l
o fuiwqq entor6(r0qre D Np

I  r -  - - - -1
1 1 lr qv lA

I
I nlq ruproxrlg rou
I

I
.  _ l _  _  -

I

Morphological Structure
po

r.----
Nstem Nword

t l
l l

rpCor- ayopa

4. Why the proposed representation is adequate for translating compounds

4.1 Representations in transfer modules

Before we offer any arguments about the adequacy of separating morphological and

syntactic representations for the translation of compounds, we should place a number

of general remarks concerning the structure of representations in transfer modules.

Monolingual representations, ready to be automatically translated into another

language, shoul{ combine representational adequacy with computability. Representa-

tional adequacy does not necessarily mean to engage in particularly complex linguistic

solutions because this would increase complexity in computability. In transfer, major

differences between source and target language representations, triggered by language
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specific application of linguistic principles, could result in several conflicting analyses
that have to be mapped. That is why the transfer based approach to machine translation
implies that source and target language structures should be normalized for translation
purposes. Normalization means to minimize surface structural differences (such as
differences in syntactic non-terminal categories and differences in word order) by pro-
viding representations whose constituents are placed in a canonical order. For example,
the following could be a canonical order of constituents in a structured tree-representa-
tion, which is established on criteria related to notions of predicate-argument structure
and functional roles of the different constituents8:

(5) S
I

i

A

r'1 rup6pvqoq

A

tq ptopqlawrr,i
uvrintuI11

l
orlpcvttxri

I
ADJUNCT(S)

A

orlv
Ei')'ti6c

I
.-
I

HEAD ARGUMENT(S) MODTFTER(S)

The structure of this representation can be seen as a product of the subcategoriza-
tion properties of predicates, plus properties deriving from other operations on predi-
cate argument structures. In such a way, representations between translation pairs
reach a suitable level of generality and transfer becomes a simple procedure independ-
ently of phenomena related to the treatment of word order and complex syntactic
structures.

To illustrate the above remarks, let us give an example from Greek which is a
language with a relatively free-word order:

The sentence Drqv ElJ"dfia, 4 rcuptpv4o\ npoailei o4pavrtrd q fuopqvavrcfi
avdnru(q <In Greece, the government promotes industrial development considerably>
can be represented as follows:

l- I
HEAD E.A.9 MOD ADJUNCT

I
nporo0eI

This tree-structure corresponds to isomorphic representations in several European
languages, such as French and English for example, and complex transfer is avoided:

8' Such an order is also adopted by the Eurotra framework (cf. Steiner E. 1989). However,
constituents are labelled in a different way.

9' E.A. and I.A. are abbreviations for External Argument and Internal Argument respectively.
MOD stands for Modifier.

(6) S
I

I

I .A.
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(7)
French

r - -r
HEAD E.A.

encourager

English

le gouvernement le d6veloppement de fagon
industriel consid6rable

-t-
I .A.

A

i
MOD

A

ADJUNCT

A

en Grdce

-t
iII

HEAD

I
I

promotes

MOD

I
I
I

considerablY

ADJUNCT

A

in Greece

E.A. I 'A'

A A

the government industrial
develoPment

4.2 Arguments in favor of separating the morphological from the syntactic representa-

tion

Let us look now at a number of arguments in favor of the option for separating

morphology from syntax. We believe that the approach described above for the analysis

of tornpounds is adequate for the following reason ($ 3):

There is a clear distinction between rules applying to phrasal syntax and rules relevant

to morphology. Mixing all rules together will cause two serious problems:

a) complication to the grammar, and

bj an unwanted overgeneration in transfer'

An argument for iot mixing together syntactic and morphological rules comes from

considerations concerning the scope of an adjective functioning as a modifier to one of

the constituents of a compound. Let's take for instance the English examples of fruir

market, fresh fntit matket and big fruit market'

Given the fact that in a transfer based system representations should be isomorphic

(according to the position described above ($ +'t)), the structural representations for the

Engrish examples fresh fruit marketand b$ fruii marketwill be the same if they receive

a phrasal treatment:
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NP

I
(8)

HEAD

I
market

I
MODIFIER

I
fruit

MODIFIER

I
fresh
big

I

In such a system where no distinction is made between the levels of syntax and
morphology, there is no way of structurally representing the fact that in.the case of freslr
fruit markef the adjectival constituent freslr bears upon the modifi er fruitwhereas in the
third case (big fruit market),the adjective bigrefers to the whole complex structure fnrjf
marketto.

As the English representations do not contain any information for gender, this lack
of information could cause wrong translations in languages where adje-tives agree with
their head nouns. In Spanish for example, fresh fruit markef could be automatically
translated as fresco mercado de fruta as well as mercado de fruta fresca. This problem
could be avoided though if we keep morphological structures separate from phrasal
syntactic ones.

Along the lines of the proposal formulated in paragraphs 2 and 3, the representa-
tions of freslr fruit market and big fruit market would involve different levels of ,.prrr-
entations, the syntactic and the morphological one, allowing scope of adjectives io be
expressed. Different levels of representation would result in the following structures:

(e) a. N 0 l l
I

b.

r
I

HEAD
I

i -  -  -  - -

HEAD
I
I

market

NP
I - -t

0,19 MoDTFTER

--T i
MODIFIER big

I
fruit

HEAD

I
market

---1
MODIFIER

r
I

I----tr f
HEAD MODIFIER

J* u.!n

l0' scope matters could be expressed with the help of a very rich system of semantic features
referring to the domain of lexical semantics. This system, however, is still far from being
established.

I l' Syntactic atoms like the one in (9a.) do not have a (pure)) morphological form but they display
the general properties of fs. According to Di sci;ilo & wiliiamr [teazy syntactic atoms are
ereated by a word creating rule assigning a X0 category to a phrasal categlry O. g4, g7).
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An additional argument in favor of the approach for separating morphology from
syntax is provided by the German translation of the English examples as Frischobst'
marktand grosser Obstmarkf. The first complex structure constitutes a one-word com-
pound whose adjectival constituent part frisch is not inflected. Therefore, is should be

considered as a stem, appearing at the left-hand side of the compound. The second case
constitutes a noun phrase which contains an adjective (grosser\ modifying a one-word
compound (Obstmarkf). That means that in this case, the adjective grosser, which is
fully inflected, is taken into account by rules of phrasal syntax while, in the first case,
frischis taken into account by morphology. It is clear that the internal structure of both

examples matches the internal structure of the English corresponding cases. Therefore,

the transfer procedure from English to German and vice-versa becomes simple. Natu-
rally, in order to obtain results in this simple way, the German compounds must be
morphologically analyzed and not listed as lexical entries:

(10) English

I
NP

_t _.'--t
AD Gs) MODIFIER

t
big

l2'l

t-
HE

I -t

German

I
NP

< +  , r - -  - - l
r l

HEAD (I{o) MoDIFIER
l lI

r - -  - - - 1  |
HEAD MoDIFIER grosser

I l
Markt Obst

HEAD

I
market

MODIFIER

t
fruit

4.3 Against the lexicalization approach

Translation of compounds from one language into another can provide us with

good arguments against the lexicalization of one-word compounds. Let's take the Ger-

man example Kooperationsprogramm.ln some of the European languages, it has the

following translations:

Greek : [fouvetotptorrr6]A [np6lpoppo]N]
Italian : [[programma]N di [cooperazione]Nl
English : [fcooperation]N [program]Nl
French : [[programme]N de fcoop6ration]Nl

If we follow the lexicalization approach and treat the German example as one unit

without an internal structure, then, the problems caused by complex transfer are not

avoided because the translation that has to be performed involves the mapping of a

lexical unit to NP structures in the other languages.
However, if the German example is compositionally treated, then, the translation

procedure is simplified. Moreover, the procedure becomes less complicated if we keep

the syntactic structure separate from the morphological one.
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( l  l ) German

N0
I

French
po
I

HEAD

I
Programm

I
MODIFIER

I
Kooperation

(12) a.genre de vie
question de vie
style de vie

I
HEAD
I
I

programme

b. dur6e de la vie
p6riode de la vie
exp6rience de la vie

I
MODTFIER

I
I

coop6ration

Note that in the German case, the -s- is a binding element. As such, it does not
provide substantial information in the transfer module. Therefore, for transfer pur-
poses, it will probably be treated as a feature on the mother node (N0 [bind.elem. = s]).

In the same way, the French preposition de can be treated as an inherent monolin-
gual marker for these kinds of compounds. Following the position we adopt here about
distinct treatments between syntactic phrases and syntactic atoms, de should be featur-
ized in all syntactic atoms (e.g. l2a.),but should be considered a phrasal constituent in
noun phrases such as in (12b.)t2.

The Greek case is more difficult because there is a change in the grammatical
category of the modifier constituent:

N + Adi (Kooperation + ouvrrorptonr6).

In order to treat this particular case, we need a special transfer rule performing the
change. However, it is easier to write that rule, than being obliged to deal with cases
where a one-word unit has to be translated into a structure.

4.4 How will the grammar recognize compounds if there are no orthographical criteria
According to what we said in paragraphs 2. and 3. a compound is defined as a

one-word or a multi-word unit. Bearing in mind that machine translation deals with
texts, one-word compounds constitute more or less a <clear> case as far as recognition
by the rules of the grammar is concerned. The second case, however, (i.e. multi-word
compounds), is more complex considering the fact that most of the times they can also
receive treatment as noun phrases.

As we already pointed out, multi-word compounds are distinguished from syntactic
phrases by being opaque to the application of some specific phrasal syntactic rules. For
example, the adjective-noun multi-word compound npoe6pu<6 \uitaypa <presidential
decree> is not subject to an internal modification of the head, caused by theinsertion of
another adjective like oqpavrrrd <significant>, between the two words npoe6prc6 and
6tdraypot3:

12. For a similar account of syntactic atoms in portuguese, cf. villalva (19g9).
13. Adjectives like rpoe6pu<6 which appear in these kinds of constructions can also be distin-
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* npoe5prc6 onpdvrtKd Suimypa

The presence of an adjective like oqpavnrc6is admitted only if oqpavnr6 is placed in
front of the adjective npoeSpuc6 (orTpavnr6 npoe5prc6 \uiruypa) because in that
position, it modifies the whole construction xpoeSpuc6 \uiruypa.

Therefore, it is possible to establish grammatical criteria according to which multi-
word compounds can be distinguished from syntactic structures.

5. Conclusions

In this paper, we tried to show that the proposed representation for compounds
which are compositional in structure and meaning is adequate for machine translation
purposes. Specifically, w€ examined the issue of keeping the hierarchical structure of
compounds below the level of phrasal syntax; this strategy is not only theoretically
motivated (cf. <syntactic atomicitp thesis (Di Sciullo-Williams)), but it also allows
compounds, whether one-word or multi-word, to be translated in a simple way across
european languages. In order to support our claims, we used examples from different
languages, namely, Greek, English, German and a number of the Romance languages
such as French, Italian and Spanish.

Angela Ralli
University of Athens
Dept. of French Language and Literature
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