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Abstract

This paper describes ELROTRA, focusing especially an twa
aspects: the generaf tormal framawaork for the translation, and
the dictionaries,

introduction

The EUROTRA project is the machine translation
programme of the Europgan Community. [n 1982 it was
decided by the Council io implement this programme,
bt only late 1984 the first contracts between Lthe Com-
mission of the Enropean Communities and some coun-
tries were signed. The gaal of the project is to develop
pre-inclustrizl protetype for maochine translation be-
tween the 9 community languages. When the decision on
EUROTRA was laken lhere were only 7 langnages, bul
with the accession of Spain and Poriugal last year we
now have 9 languuges. The prototype shalt be ready in
19940,

The Council Decision further states that the prototype
shalt work lor a vocabulary of 20,000 lexical entries, lor
a limited subject field and for a fimited set of text types.
The subject FReld is nol deermined by the Council
Drecision: it has been chosen (o be information technol-
ogy {IT}). The set of text types has ot been lully defined
yet, the text 1ypes in question will be Commission texls,
like Councit Decisions, working papers, eic.

Apart from this the Council Decision of 1982 requests
that the pratotype be extensible: it must be possible to
extend the coverage of Lhe vocabulary 10 olher subject
fields, 1o exiend to oither languages, and 1o exiend o
other text types.

The components of the systens are being developed by
all Wie Commuonily connines and Lhe project is managed
by the Commission in Luxembourg. So, not only do we
fave the tusk of bailding 3 machine transtution system,
There are two very important additional fuctors which
have to be taken into account.

First we are faced with a very high degree of decentral-
isalion with (2 countries ond the Commission, thatis 13
panicipants. Furthermore, in some countries the work is
further decentratised in thnt the EROTRA group is
made up of (wo or more centees. The system design bas
1o take 1his inlo account,

Secondty, the programme is saudrilingual, noi bilingual
ar jusl comprising o few language pairs. This project is
unigue in that it comprises 72 languape pairs. [ will get
back to whal this means lor the linguistic deseriptions.
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Design

Having presented the goal and organisation of EURO-
TRA very briefly, § will now first discuss the system
design. CUROTRA uses & variant of the transfer medel
for maching translation. [e. the ranslation process is
broken down into 3 modules: Analysis, Transler, Gener-
ation,

text - 18 - 3 — text’

anatysis transfer generation

This is gencrally acknowledged to be a very good
scheme (or mulilingual machine translation, as it res-
tricts the bilingual treatments to the transfer modules:
Only one analysis modsle is made for cach language,
and only one gereration moduls. There will be transfer
modules for alf language pairs. i.c. 9x 8=72 transfer
modules in our case. (OF course an cven better scheme in
an environmenl which is multilingual 1o thiz extent
would be a transfer-free, i.e. fully interlingual approach.
For the time being, howeaver, this is nol a practical
possibility.)

The mosolingual components are made in the various
countries, Danish in Denmark ete., and the transfer
components are made in collaboration between twe
language groups, with the 1arget group as main respon-
sible.

Inthe EURDTRA framework we have generalised the
transfer model

text=R1=R2=+ .= Rn=Ra' = . =R2'=RI'=1ext’
{ransfer

The mapping Ro--Rn’ is the eriginal transfer mapping.
We arc working with the following levels of represen.
tation:

13 a base level, which will probahly be broken down
into more levels of representation, EBL

2) & constituent structure level, ECS
3 a symiactic relations level, ERS
4} a semantic relations levet, IS,

Each level of representation is defined by what we call
a gemeraror, i.¢. a grammar and a diclionary. The
mapping between levels is performed by a ironslator.

T will now first describe 2 penerator. A generator
consists of strucrure-building rufes and non-structure
building rules.

Structure-building rules are contexi-fres rules operat-
ing over ohjects which are feature Mmdies. The conteut
(ree rules do not only refer 10 cateponies titke N NP o2
but may also mertian features in the feature bundiesin
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quesaon. Most of the feature manipulation is done by
the non-structure building rules however,

We will here give a short example to show how the
generators and transfators are supposed to work, The
example is made according to a definilion of the ELJRO-
TRA framework which was used in the spring of 1987,

Let us consider an ECS rule for a noun phrase:

Structure-building rule
npl = (np)

[A(detp)

*(adjp}

{n, {case = ngen})

~ppl

This ECS rule will build a noun phrase out of an
{oplional) determinet, zero or more adjeclive phrases, a
noun, and an {(optional) prepositional phrase.

The annotations 1o this structure-building rule contain
the foltowing rules:

~ Non-structure building rules

killer:
aknpl = (np)
[2.%, (1, {del=d01 ),*]
strict:
asnpl ={npj
[ A{detp, {gend =G ,pumb=N del= DY),
*(adjp, jgend = G,numb =N del=D}),
{n, {gend =G, numb=N,del=D}},
L}
1
gentle:
agnpl = (np, {pend =G,numb=Ndef=D}}
L]

(n,, {gend = G aumb = N def=D} ),
*

These non-structure building roles, or feature rules,

work as follows: ’

The killer roles will delete a structure built by the
strocture-building rules, il they unify. Le. the aknpl rule

will delete an np-structuce, if the noun of the np is |

definite, becanse such a noun canpot combine with a
determiner or adjeclive,

{This example is taken from a Danish grammur, In
Danish we may have noun phrases like

English translation:

forslag proposal
forsiaget the proposal
det bedste forslag  the best proposal

T will not get into more detail about Danish grammar),

The strict rules, like killer rules, can delete structures
built. Strict rules are typically used to check agreement:
the siructure will be deleted il the components do nol
obey the rules expressed by the strict grammar rule. In
the actual case of a Danish noun phrase, agreement is
required belween the (optional) determiner, the (op-
tional}y adjective(s), and the noun,

Finally the gentle rules are used for percolation cic.
They do not delete anything, they orly add information.
in the actual case of the Danish agop| rufe, it percolates

&7

the values of gender, number and definiteness from Lhe
noun to the resulting noun phrase,
At ERS Lhe corresponding rule could look like

(-, {cat=np})

[(gov, {cat=n})

( A mod, icat =detp})
{(* med, {cat=adjpi}
{ Amod, jcat=pph]

np} =

A t-rule which translates an ECS structure built by the
np2 sule inte the corresponding struciure at the ERS
level, could then look

(np)

[BB:( A detp), $C:(*adip),
$D:{m) 3E{ A ppl)

- np}$D,3B.5C.5)

I this scheme a¥ nodes have to be translated explic-
itly, and furthermore it is already decided by the t-rule,
what structure buitding rule 1o apply at the nexl level
(np3 in Lhe above case).

This will hecome a problem when we get (o bigger
systems and more complicated struciures, of. below.

lnpl) =

Basic ideas aboul generarors amd translators:

Generalors are conlext free rules with annolations, as
described above.

Translators are

1) one~shot and 2) compositional.

The fact that translators are “one-shot™ means that
they map from one level of description directly lo the
next level of descriplion, i.¢. there can be no intermediate
representatton (such a represeniation could not be
checked wrt. weilformedness).

Compasitionality in lsct means that the image ol a
complex unit can be obtained from the images of ils
parts.

Now, if 1ranslators were totally compositional, they
would be homographies in the mathemalical sense, and
t-rules as the one we just saw, which manipulates order
of constituents, would not be allowed.

Consequently we are using a relaxed version of com-
positienalily, where it is possible 10 change precedence
between sister nodes, change dominance, delete nodes,
und insert nodes.

As mentioned above the delinglion of e role of the
translaler was not optimal. Therefore in the course of
the spring 1987 work on a slightly different version of the
same basic ideas has been going on. 11 has resulled in o
new prototype which will be used for implementation at
least until the end af the second phase of the project.

The main difference of the new approach is exactly
that the ndlure of the traaslators is changed: as we just
saw, in the earlier framework the t-rule determined the
structure to be built at the next level In the new
framework this is not the case; the t-rules will in general
be weaker than belpre, whereas the generators will have
more expressive power than beforz. This is a sound
principle as il makes the generators moere autonomous,
and makes the implementations more ¢asily modular-
isable.

The main principle is that translslors deliver as inpul
Lo the nex fevel n set of nodes, with *sol” precedence and
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dominance retatirns between the nodes. Whar can he
done (o this ‘softly structured’ object by the genemator,
apart {rom just consolidating the structure, is that nodes
can be inserted both in the horizontal and the veruica!
dimension.

Soif

Fig. 1 2

is the inpul from the previous level then the shape of the
object may ¢.g. be one of the following afier application
al the penerator

1 I 1

1
20 4 2 5 ) 4 3 3 4 2 i T
Fig. 2 5 L]
The software currently used is u prototype which is
being developed by a cooperation of computer scientists
at various EUROTRA centres. It runs under UNIX and
the programming language is basically Prolog. The
EUROTRA centres are using a wide variety of com-
puters.

The definition of the levals

2UroEs e ST CERGLUT TR U W M I T

AEEATI S T St Bl SITTOR TReTeYera
For rme sihee pmms 7 movmwempior TIE OSTE

EBL s we w2 mzuw ommae omtmome R e gy

ofa d:Terem mpr e

the lower (evels 200 88 Jeld el 2l vane T e Tr e
less rigorousty than the Zednt org o7 e 5 prer sims

Fwill now briefls show the sieps ol a2
simple sentence from Danish ECS 10 German 15

As can be seen (Figure 3) the ECS strucivre reflects
the surface word order, The Danish input sentenae is |
1982 blev alle forstagene vedtaget af Kommissionen™

At ECS the constituenis are built,

At ERS the surface word order is abolished: ERS and
15 both have a fixed arder of constituents. At ERS the
surface syniactic relations are determined (Figure 4},

Then finally a1 IS (Figures 5 and &), Lthe case roles of
the various constituenis are determined. Surface phe-
nomena like arpument bound prepositions, delerminers
elc. disappear structvrally at the IS level—they ate
expressed by other means.

The case role system which is used is very simple
{ARG], ARG2,..). It is complicated 10 define case
roles {like AGENT, EXPERIENCER, ORIGIN,
SOURCE, ...} in a way that counts lor all languages,
this is the reason thai for the time being we are using
this very simple seq of roles, which is then supplemented
by lexical semantic features,

As can be seen from Figure 6 the German 1S is very
similar 10 the Danish IS, The translation process contin-
ues from German 15 1o German ERS, ECS and text.
{This is nol shown in figures).

Comments Lo the trees above: these trees are the

outpul from the first small implemenied sysiem
The Interfuce Structure is the common exchange format  (February 1987} The incensisiencies in ing eic, have
between the viarious languages, This means that for all  been removed since,
r | )
P n vp
np adjp
op
prep adj -‘1 if prlep '{1
i (9282 blev atle  forslag drag afl  kommiss
Fig. 3 Danish ECS
uniief
! | 1
subj compl mod
| mod ’ compl compl
gov s*iv s<|W 8o s<:w gov st:w
vedlage  forslag ;.ll Lommissionen i 1082
Fig. 4 Dunish ERS
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andef

T j
argl arg2 wmud
-1
mod arrl
£Ov gav gov g(}v gTv g(iw
vediage  kommissionen  forslag at i 1982

Fig. 5 Danish 15

undef
1
T T |
argl argl cirehi
circ!
pred pred pred pred pred
verabschied 1 vorschiag all 1982

Fig. 6 German 15

Commants on the iexical entries at IS

For the distinction between different readings of ambig.
vous words fexical feaiures of the semantic kind are
needed. it features af the type human-nonhuman,
concrete-abstract, and all the subject field (eatures
known feom ordinary dictionaries, like zoological, medi-
cal, etc. Here we shall remember however, that for the
time being the project is working within the subject field
of Information Technology and distinctions involving
other subject fields, too lar away, are nol laken into
account.

Consequently what is taken nlo account is word
senses that fzll wilhin the subject field of IT and
neighbouring fields, as well as the general senses. Neigh-
bouring fields are in Co ily (erms: administration,
economy, legal aspects... 1.e., in order to make transfer
simple we disambiguate monolingnally as much as is
reasonable. What is rensonable can he seen from the
distinguishing fertures, I a lexical unit can be distin-
guished by e.g. frame, by the semantic features of (one
of} ils argumenls elc., it is spiit wp. There are words
however that do not in a reasonable way lend themselves
to 2 monolingual disambiguation,

In such cases there are 2 possibilities

1} the disambiguation is done in teansfer, ie. with
access 1o the 1wo languages involved

2) the disambiguation is dong in generation, by the
target language generator and dictionary

It should be stressed that the manolingual selution,
i.e. disambiguation either in analysis or in generation, is
the preferable, because the Iransfer component should
be kept as small and simple as possible,

One of the problems in the lexical transfer is the
definition of a lexicul unil: what is the unil which we
want (o translate and consequently which we wanl to list
in our dictionaries?

64

Here the opinions in EUROTRA are quite diverging:
some peaple would ke 1o do the wranslation the most
elegant way, and that would in our case be Lo splil
everything into small units which can be translaled by
simple tramsfer and then recombined by the target
language grammar in a correct way. This is possible only
with an interface siructure which has a very high degree
of mterlinguality.

Consequently other Burotrians find that the safest
approach is 10 pul bigger parts of 1he 1ext into the
dictionary, e.g. derivations and compounds, in so far as
they are “lexiculised” and of course idiomatic expres-
sions and terms. [n fact noboddy argues about 1he idioms
and the terms, bwi it is not so easy io see when a
compound is lexicalised.

For the tire being we 2re not splitting derivations and
compounds into their parts; maybe in the future i a
good method comes up, we will do il

Omne of the reasons thal compounds come up as o
problem is of course Hhid Dandshy, German and Phuich
have a compounding mechunism wherehy words are
glued together to form ene single siring. Bul this is not
the heart of the prablem, the problem is the non-
composilional or ‘conlexi-sensilive’ translation and how
to handle it.

Take us an example {Danish-French-Fnglish)

ol " .

1rade surplus
minister of commerce

Lasd
reKikd

b ks o du

Here the Danishk roun Aande! ranstates into twao different
word ciasses in French and into two different Jexical units
in English.

Tha status of the project summer 1987

The Councit Decision of 1982 divides the prodect periogd
into three phases. The first phase is prepasatory and has
been finished; Lthe goal of the second phase is lo develop
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the theory of trunshation and to implement it in a small
machine translalion system which covers all languages
with a vocabulary of 2,504 lexical entries. The second
pivase finishes July 1988, The goal of the third pbase is 10
exlend ihe small system of the second phase and to covera
vorabulary of 20,000 lexica) entries,

It February 1987 the first small scale (ranslation
system was finished. 1t had a vocabulary of 500 words,
grammars enly for simple sentences, and it worked for
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translation between German, Engliss and Do Sows
then the coverage has been exiended, both £ = of
language pairs, in terms of vocabulary and = = of
grammat, and we belicve that at least for the langrages
which were part of the programme from the beginning
good results can be obtained by July 1988-—special
programmes have been made for the Spanish and Poriu-
guese languages, as these became part of the project only
recently,
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