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Abstract

This paper desribesa cognatk idertifica-
tion methad, used by a lexicd aignment
system for French and Romanian. We
combine statigical techniques and lin-
guistic information to extract coghaes
from lenmatized, tagged and sentence-
aligned parall el corpora. We evaluate the
cognake idenificaion model and we
conpare it to other methods usng pure
statisticd technques. We show tha the
useof linguistic information in the cog-
nak idenification system improves sig-
nificantly the eaults.

1 Introduction

We presert a new cognat idertificaton module
requred for a Frendh - Romanian lexicd aign-
ment system This system is usal for French -
Romanian law comora. Cognats are trangation
equivalents presenting orthogaphic or phoretic
similarities (common etymology, bomrowings,
andcdques. Theyrepesent very importart ele-
ment in a lexicd aignment system for lecal
texts for two reaons:

- French and Romanian are two close
Romance languagswith arich morphology;,

- Romanian languag borowed and cd-
gued lecal teminology from French. So, cog-
nakes are very usdul to idenify bilingual lecd
terminology from parallel cormpora, while we do
not useany extemal terminologicd resourcesfor
thew languags

Cognat idertification is one of the main steps
appledfor lexicd aignment for MT systerns. If
we hawe severa efficiert tools for several Euro-
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pear languags few lexicdly aligned corpora or
lexicd alignment tools (Tufis et al., 2005) are
availade for Romanian - Engdish or Romanian -
German (Vertan and Gavrild, 2010). In general,
few linguistic resources ard tods for Romanian
(dictionaies, pardlel corpora, temminologicd
data bages MT systens) are currenty availale.
Sone MT systens u® resources for the Endjsh-
Romanian languag par (Marcu and Munteanu,
2005; Irimia, 2008; Ceausu, 2009). Other MT
systens dewelop resources for Gemman - Roma-
nian (Gavrila, 2009; Vertan and Gavrila, 2010)
or for Frendh - Romanian (Navlea and Todirascu,
2010) Most of the cognatk identification mod-
ulesusda by thes systens were purely statistic-
al. No cognat idenificaion methodis availabe
forthestudiedlanguages
Cognat idertificaion is a difficult problem, es-
pedally to detkct false frierds. Inkpen et al.
(2005 classfy bilingud words pairs in several
caegoriessud as
- cognatks (reconnaissance (FR) - reco-
gnition (EN));
- falsefriends(blesse (‘to injure’) (FR) -
bles (EN));
- pattia cognates (facteur (FR) - factor or
mailman (EN));
- gendic cograkes (chef (FR) - head
(EN));
- unrelated pdrs of words(glace(FR) - ice
(EN) andglace (FR) - chair (EN)).
In our method, we rather idertify cognates ard
patia coghakes to improve lexical aignment
Thus, we aim to obtain a high predsion of our
method andto eliminake same falsefriends usng
statisticd techniques and linguistic information.
To identify cognatesfrom parllel corpora, sev-
era appoadesexplbit the orthogaphic simil ari-
ty between two words of a bilingual par. A sim-
ple methodis the 4-grams method (Simard et a.,
1992) This method consders tha two words are
cognaesif they contain at least 4 charaders ard

Mikel L. Forcada, Heidi Depraetere, Vincent Vandeghinste (eds.)
Proceedings of the 15th Conference of the European Association for Machine Translation, p. 145-152

Leuven, Belgium, May 2011



atlead thar first4 charaders are iderticd. Other
methods exploit association scores as Dice’s
codficient (Adanmson and Borehan, 1974)or a
variant of this codficient (Brew and McKelvie,
1996) This measure computesthe ratio beween
the number of conmon charader bigrans of the
two words ard the total number of two words
bigrams. Also, two words are considered as cog-
nats if the ratio beween the lengh of the maxi-
mum common subgring of ordered (andnot nec-
essaily coniguous)charaders andthe lengh of
thelonged word is greaer thanor equa to a cer-
tain enpirically deerminedthreshdd (Melamed,
1999; Kraif, 1999. Similady, othe methods
conpute the distane betveen two words, that
repreent the minimum number of subsitutions
insetions and deleions used to trangorm one
word into another (Wagnerand Fecher, 197).
On the other hand, othe methods conpute the
phaneic distane baween two words bdongng
to a bilingual pair (Oakes 2000) Kondak
(2009 propeses methodsidertifying three cha-
raderistics of cognaes recurrent sound corres-
pondenes phondic similarity and semanic af-
finity.

We presnta Frend - Romanian cognat ideni-
ficaion module. We combine statisticd tedh-
niques and linguigtic information (lenmas PCS
tags) to improve the reaults of the cognat iderti-
ficaon method. We conpare it with other me-
thods using exdusdvely statisticd tedniques.
The cognak idenificaon system is integrated
into a lexicd alignmentsystem

In the next sedion, we present our lexicd dign-
ment method. We present our paralld corpora
andthetods used to preprocessour paale cor-
pora, in sedion 3. In section 4, we de<ribe our
cognak idenificaion method. We present the
results’ evaluation in section 5. Our conclusions
and urtherworks figure in section 6.

2 TheLexical Alignment Module

The output of the cognate identificaion module
is expdoited by a French - Romanian lexicd
alignmentsystem

Our lexical dignment system combinessiatisticd
methods and linguistic heuristics. We use GI-
ZA++ (Och andNey, 200Q 2003)implenening
IBM modek (Brown etal., 1993) These modebk
redize word-baed alignmens. Indea, ead
source word has zero, one or more trangation
equivalents in the target languag, conputed
fromalignedsenten@s Due to thefad tha these
modek do nat provide mary-to-mary align-

ment, we also usesone heuiistics (Koehnetal.,
2003; Tufis et a., 2006) in order to deted
phrase-ba®d alignment suwch aschunks: nomn-
al, adjectival, verbd, adverbia or prepasitiona
phrases

We use lemmatized, tagged and amotated at
chunklewel paralel corpora. Thes comora are
de<ribed n deailsin the rext sedion.

To improve the lexicd alignment we use lem-
mas and morpho-syntadic propeaties We pre-
pare the corpus in the input format requred by
GIZA++, providing also the lemma and the two
first charaders of the morpho-syntadic tag This
opemtion morphologcdly disanbiguaies the
lemmas (Tufis et a., 2006). For exanple, the
same French lemma traité (=treaty, treated) can
be a common noun or a patticipial adjective:
traité _Nc vs. traité_Af This disambiguaton pro-
cedure improves the GIZA++ system’s perfor-
mance.

In order to obtain high accuracy of the lexicd
alignment, we realize bidirectiond alignments
(FR-RO andRO-FR) with GIZA++, andthen we
intersed them(Koem et al., 2003) This heuris-
tic only sdects sure links, bea@us these align-
ments are detected in the two lexical alignment
process dredions.

To obtain sue word alignments, we also use a
sd of auomaticdly idenified cognaes Inded,
we filter the ligt of trandation equvalerts ob-
tained by alignment intersedion, usng a list of
cognakes To extract cognatesfrom parale cor-
pora, we dewelopeda method adated to the stu-
diedlanguages This method combinesstatisticad
techniques and linguistic information. The me-
thodis presenied n setion 4.

We obtain sue word d gnment usng multiword
expressonssud as cdlocations. They represent
polylexicd expressions whosewords are related
by lexico-syntadic relations (Todirascu et al.,
2008) We usea multilingual dictionaly of ver-
bo-nominal collocations (Todirascu et al., 2008)
to dign them This dictionaly is availade for
French Romanian and German. The dctionary is
conpleted by daia extracted from legal texts and
it contains the most frequent verbo-nominal col-
locdions from this domain. The extemal re-
source is used to align this class of collocaions
(for legal corpora), but it do not reslve the
alignment problens of other clases (noun +
noun, aderb + adjedive, dc.).

Findly, we gply a %t of linguisticdly motivated
heuirstic rules (Tufis et al., 2005) in order to
augnent the recdl of the lexical alignment me-
thod
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i. we define sorre PCS affinity classes (a
nouncan be trandated by a noun,a verb
or anadedive),

ii. we align conent-words such as nouns
adectives verbs, and adwerbs, acwording
to the PCB dfinity classs;

iii. we align chunls cortaining trandaton
equivalentsaligned n a pevious $ep;

iv. we align element bdongng to chunis
by linguistic heuistics At this lewvel, we
deweloped a swplementary module de-
pendng on the two studied languages
This module uses a set of 27 morpho
syntadic cortextud heuistics rules
These rules are defined accarding to
morpho-syntadic differerces beaween
French and Romanian (Navea and
Todirascu, 2010. For example, in Ro-
manian relative claus, the dired objed
is simultaneously realized by the relative
pronouncare 'that (preceded by the pe
preposition) ard by the persona pronoun
il, -1, 0,1i, i, le. In French,it is expressd
by querelative pronoun.Thus,we define
amorpho-syntadic heuistic rule to align
the sumplementry elements from the
source and from the target languag (see
Figure 1). The rule aligns que with the
sequerce pecare (acaisdive) le.

French Romanian
les problenele
problémes pe

la \Zr
publicaion kﬂenea
ublicaea
Figure 1 Exanple d lexicd alignmentusing
morpho-syntadic heuisticsrules(the case of

relative dause

We focus hee on he development of the ognake
idertificaion method used by our French - Ro-
manianlexicd alignmentsystem In the nextsec-
tion, we pre<ert the parale corpora usedfor our
expeliments.

3 French - Romanian Parallel Corpora

In our projed, we use two fredy availale sen-
tene-aligned legal pamllel copora as JRG
Acquis (Stenberger et al., 2006) and DGT-TM".

! http://langtech.jrc.itt DGT-TM.html

These corpora are based on the Acaquis Commu-
nautire multilingual corpus available in 22 offi-
cia languags of EU. It is conposel of laws
adopedby EU member statesandEU candidaes
since 1950. For our projed, we use asubsd of
228,174pairs of 1-1 aligned senenas from the
JRGAcqus, sdeded from the common doau-
ment available in Frend andin Romanian. We
alsousea sulsd of 490,9& pairs of 1-1 aligned
sentences extraded fomthe DGT-TM.

As the JRGAcquis and the DGT-TM are leH
corpora, we built other multilingual corpora for
other domains (pdlitics aviation). Thus,we ma-
nualy sdeded Frerch - Romanian availade
texts from several websites according to severa
criteria availability of the bilingud texts, relia-
bility of the sources trangation quality, and do-
main. The used comora are degribedin the Ta-
ble I

Corpora Souce Number Number of
of words/ words /

French Romanian

JRC-Acquis 5828,168 5,357,017

DGT-TM 9,953,36( 9,142,291

European Par- 137,422 126,366

liament’s web-

site

European 200,59C 185,476

Commission’s

website

Romanian air- 33,757 29,596

plane mmpa-

nies’ websites

Table 1 Frendh - Romanian paallel compora

We preprocess our corpora by appling the TTL?
tagger (lon, 2007) This tagger is availade for
French and for Romanian asWeb service. Thus
the paralld cormpora are tokenized, lemmatized,
PGS tagged and annotited at chunk level. TTL
uses the sd of morphosyntadic desaiptors
(MSD) proposed by the Multext Prged® for
French (Ide and Véronis, 1994) and for Roma-
nian (Tufis and Barbu, 1997). TTL’s results are
availabein X CESformat (see Hgure 2)

2 Tokenizing, Tagging and Lemmatizing free running texts
® http://aunelpl.univ-aix.fr/projects/multext/
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<seglang="fr"><s id="ttlfr.3">

<w lemma="voir" ana="Vmps-s">vu<iw>
<w lemma="l¢€" ana="Da-fs"
chunk="Np#1">la</w>

<w lemma="propacsition" ana="Ncfs"
chunk="Np#1">proposition<fw>

<w lemma="de" ana="Spd'
chunk="Pp#1">de<w>

<w lemma="1€" ana="Da-fs"
chunk="Pp#1,Np#2'>la</w>

<w lemma="conmmisson" ana="Ncfs"
chunk="Pp#1,Np#2'>Conmisson
</w>

<c></c>

</s>=</[seg>

Figure 2 TTL’s output for French

In the example of the Figure 2, lemna atribute
repreents the lenmmas of lexicd units, ana
atrribute provides morpho-syntadic information
and chunkattribute marks noninal and prepos-
tional phrases We exploit the linguistic infor-
mation in order to adaptlexicd alignment algo-
rithm for French and for Romanian. Thus, we
study the influerce of linguistic information to
the quality of thelexical dignment

4 Cognateldentification

We did our lexical alignment and cognat identi-
ficaon expeiments on a legal parallel corpus
extraded from the Acqus Communautire. We
aubmaticaly sdeded 1,000 1:1 aligned com-
plete sentences (starting with a capital letter ard
finishing with a punduaion sign). Each selected
sentene hasno more than 80 words. This corpus
contins 33,036 tokensin French and28,64 to-
kens in Romanian. We tokenized, lemmatized
and tagged our compus as mentonedin the pre-
vious gdion.

Thus, to extrad French - Romanian cognaies
from lemmatized, tagged and sentencealigned
paralel corpus,we expoit linguistic information:
lemmas PGS tags. In addiion, we use ortho-
graphi and phaneic similairities beween cog-
nakes. To detect such simil ariti es, we focusrather
on the begnning of the words and we ignore
thdr endngs. First, we use n-gram methods(Si-
mard etal., 1992), where n=4 orn=3. Secad, we
conpare ordered sequenes of bigrans (an or-
dered par of chamders). Then, we apply sone
dat@inpu disambiguaion drategies sud as

- we iteratively extrad sure cognakes sud as
invariant strings (akbreviations, nunbers etc.) or

similar strings (3- and 4-grans). At eah itera-
tion, we dcelete themfrom the nput data;

-we usecognae pars frequendgesin the studied
corpus.

We corsider as cognatesthe words bdongng to
a bilingual pair simultaneousy regeding the
following linguistic condtions:

1) ther lemmas are trandation equvalernts
in two parmllel seterces,

2) they hawe idenicd lemmas or hawe or-
thogaphic or phoretic similarties be-
tween lemmas

3) they are contentwords (nouns, verbs
adwerbs, etc.) having the same PGS tag
or showing PCS affinities So, we filter
out shat words as prepogtionsand con-
jundionsto limit naisy output. Thus,we
do not geneadly redrict lemmas lengh.
We also deted short cograesas il 'he’
vs. el (persond pronowns), cas 'cae' vs
caz (noung. We awoid amnbiguous pars
sud aslui 'him' (persanal pronour) (FR)
vs. lui (possessive deeminer) (RO), ce
'this' (denonstative dgeminer) (FR) vs.
ce that (relative pronour) (RO).

We classify French - Romanian cognatkes (de-
teded in the studied paralel corpus) in severa
cdegories
1) crosslingualinvarant (numbers, cer-
tain aaonyms and abbeviatons). In
this caegory, we also corsider punc-
tudionsigns
2) iderticd cognates (civil vscivil);
3) similar cognhaes (at the orthogaphic
or phoreticlewel) :

a) 4-grams (Simard etal., 1992);
Thefirst 4 chaaders of lem-
mas are identicd. The lermgth
of these lemmas is greder
than or equal to 4 (autorité
‘authority' vs. autori tate).

b) 3-grams; Thefirst 3 chaaders
of lemmas are iderticd ard
the lengh of the lemmas is
greder than or equa to 3
(mars March' vs. martie);

c) 8-bigrams; Lemmas haw a
common sequene of charac-
ters (eventualy disoonti-
nuous) anong the first 8 bi-
grams. At least one character
of eat bigramis conmon to
the two words. This condtion
allows the jump of anon den-
tical chamder (fonctionne-
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ment ‘fonction’ Vs.
functionare). This appies on-
ly to long lemmas with the
lengh geder than 7.

d) 4-bigranms; Lemmas haw a
conmmon sequene@ of charac-
ters (eventualy disoonti-
nuoug anmong the 4 first bi-
granms: rembourser ‘refund'
vs. ramhursa; objet 'objed’
vs. obied. This appliesto long
lenmas (lengh > 7) but aso
to shat lemmas (lengh les
than @ equalto 7).

Our method mainly follows three stages In the
first place, we apply a se of enpiricdly egab-

lished orthogaptic adudgments beween Frendh
- Romanian lemmas sud as renove diaaitics
detect phoretic mappings, etc. (see Talde 2). As
French uses an etymological writing and Roma-
nian hasa phonéic writing, we idertify phoneic
comegpondenes baween lenmas We make
sone orthogaphc adgusiments from French to
Romanian. For exanple, cognakes phase '‘phag’
(FR) vs. faza (RO) bemme faze (FR) vs. faza
(RO)). In this exanple, we make two adus-
ment: the Frendh connant group ph [f] be-
come f (as in Romanian) and the Frend intervo-
cdic s [Z] becme z (asin Romanian). We also
make adjustments in the anbiguous cases, by
repladng with both variarts (ch ([s] or [K])): ma-
chine vs. masina 'car’; chlorure 'chlorure' vs.
clorura.

Levds of orthographic adustmernts French Romanian Examples
Diaaitics X X dépbt - depozit
doubk cortiguousletters X X rapport - raport
connantgroups ph | f [f] phase- faza
th | t[t] méhode- metoda
dh | d[d] adhérent - aderert
cch| c [K] bacchante - bacanta
ck | c [K] stockage - stocare
cq | c[K] grecque- grec
ch| s[s] fiche - figa
ch| c[K] chapitre - capitol
q g (find) | c [K] cing - cinci
qu(+i) (medial) | c [Kk] équilibre - echilibru
qu(+e) (medid) | c [K] marquer - marca
qu(+a) | c(+a) [K] qualité - calitate
que final) | c [K] pratque- pradica
intervocdic s v+s+v|v+z+v | présent- prezent
w W |V wagon - vagon
y y i yaout - iautt

Table 2 Frendh - Romanian ®gnatks othogaplic agusiments

Secontly, we apply seven coghake exradion
steps (see Tablke 3). To extract cognhaes from
parall el corpora, we aim to improve the predsion
of our method Thus,we extract cognaies by ap-
plying the ategoriesl - 3 (a-d) (see Tale 3).

Moreover, in order to deaeasethe noise of cog-
nake identificaion method we apgdy two sup-
plenmentary strateges. We filter out ambiguous
cognak canddaes(a same souice lemma ocaurs
with sewveral target candidaks), by computing
thdr frequendées in the corpus. Thus, we ke
the mostfrequett candidae pair. This strategy is
very effedive to augnent the reallts predsion,
but it might deadeasethe reall in certain cases.
Indeal, there are cases when Frendh - Romanian

cognhaes have oneform in French but two vari-
ous forms in Romanian (information ‘informa-
tion' vs. informaie or informare manifedation
'manifegation’ vs. manifestatie or manifedare).
We recover thes pairs by using reqular expres-
sions based on spedfic lemma ending (ion (FR)
vs.tie|re (RO)).

Then, we delete the relialde cognate pars (high
predasion) from the inpu daf at the end of the
extradion step. Thus, we disanbiguatke the daa
inpu. For exanple, theidenticd coghaestrans-
port vs. transpot, obtained in a previousextac-
tion step and ddeted from the inpu data, eli mi-
nake the occurerce of candidae transpat vs.
tranzit as 4-grams cognak, in a next extraction
step.
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These drateges allow us to increase the pred-
sion of our method. We give below sorne exan-
ples of correct extraded cognakes autorité ‘au-
thority’ (FR) - autoritate (RO); dispasition ‘lay-
out’ (FR) - dispozitie (RO), directive ‘directive’
(FR) - directiva (RO). We also diminake somne
falsefriends: autorité ‘authority’ (FR) - autori-
zare ‘authorization’ (RO) ; disposition ‘layout’
(FR) - dispozitiv ‘device’ (RO), direction ‘direC-
tion’ (FR) - directiva ‘directive’ (RO).

Deletion
from
input data

X 100

Extraction steps
by categoty of
cognates

1: crosslingual
invariants

2 idertical
cognaes

3: 4-grams
(lemmas’ length X X
>=4);

4: 3-grams
(lemmas’ length X X
>=3);

5: 8-bigrans
(longlemmas
lemmas’ length
>7)

6 : 4-bigrans
(longlemmas
lemmas’ length 75
>7)

(%)

X 100

99.05

93.13

X 95.24

7 : 4-bigrans
(shat lemmas
lemmas’ length
=< 7)
Table 3 Precision of cognates’ extraction Steps
F=Fregueng/; P=Redsion

X 65.63

Howewer, our system extracts some false candi-
datkes, suh as numéro ‘number’ (FR) - nunme
‘name’ (RO); consommation ‘consumption’ (FR)
- considerare ‘consideration’ (RO); compléter
‘complete’ (RO) - cOmpune ‘compose’ (FR)).

We apply the sane method for cognates having
PGS affinity (N-V; N-ADJ). We ke only 4-
gram cognates due to a significant decrease of
the pedsion for the oher categories(3-grams, 8
bigrams and 4bigrams).

Findly, we recover initid cognates lenmmas for
both languags

5 Evaluation

We evaluate or method on a padlel corpus of
1,000 seterces described in the previous sec-
tion. We conpare the results with amther two
methods GeeTale 4):
a) the nethodexdusvely bagd on 4
grans;
b) a mmbinaion d the 4gramappoad
and he othogaphic agugments.

P R F
Methods (%) (%) (%)
4-grams 90.85 | 47.84 | 62.68
4-grams +
Ort hographic 91.55 | 72.42 | 80.87
Adjustments
Our method 94.78 | 89.18 | 91.89

Table 4 Results’ evaluation; P=Precision;
R=Reall; F=Fmeasure

We manudly built a referene list of cognates
contining 2,034 pairs from parallel studied sen-
tenes Then,we conpare extraded cograt list
to this refererce list. Our method extraded 1814
corred cognak pairs (from a total of 1914 ex-
tracted pairs), which represens a precison of
94,78%. The 4-grams method hasgood pred-
sion (90,8%%), but low reall (47,84%). The or-
thogaplic adugment method significantly im-
proves the recdl of the 4-grams method. The
various extraction steps using datisticd ted-
niques and linguistic filters, apgied after the or-
thogaphic adustment step, improve both recdl
(89,180 from 72,42% and precision (94,78%
from 91,55%. These results showthat the use of
sone linguistic information provides beter re-
sults than prely sttisticd methods.

6 Conclusions ard Further Work

We presaent here acognat identficaion module
for two morphologicdly rich languags sud as
French andRomanian. Cognakesare very impor-
tart elements usal by alexicd alignmentsystem
Thus, we aim to obtain high predsion andrecadl
of our cognat identificaion method by combin-
ing statisticd techniquesand linguistic informa-
tion. We show that an orthogaphic adugment
step betveen Frendh - Romanian lemmas bili n-
gual pairs and linguistic filters improve signifi-
cantly module's peformance.

The cognat idenificaon method is integated
into a French-Romanian lexicd alignment mod-
ule. The dignment module is pat of a larger
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projed aiming to dewlop a French - Romanian
fadored phrase-basd statistical machine tranga-
tionsystem

References

Adamson, Geage W., ard JillianBoreham. 1974 The
use of an as®ciation measure basedon charader
structure to idertify semanticdly related pairs of
words and document titles, Information Storage
and Retrieval, 10(7-8):253-260.

Brew, Chris, and David McKelvie. 1996 Word-pair
ex-tradion for lexicography, in Proceedngs of In-
ternational Confererce on NewMethods in Natural
Language Processng, Bilkent, Turkey, 45-55.

Brown, Peter F., Vincent J. Della Pietra, Stefhen A.
Della Pietra, ard Robert L. Mercer. 1993 The ma-
thematics of statistical machine trarnslation: Para-
meter estmation, Computational Linguistics,
192):263-312

Ceausu, Alexandru. 2009. Tehnici de traducere auto-
mata si aplicabilitatea lor limbii roméne ca limba
sursa, Ph.D. Thesis Romanian Academy, Buchar-
est,April 2009, 123 pp.

Gavrila, Monica. 2009. SMT experiments for Roma-
nian and Geman using JRC-Acquis, in Proceel-
ings of the Workshop on Multilingud resaurces,
tecologies and evaluation for central and East-
ern European languages, 7th Recert Advances in
Natural Language Processng (RANLP), 17 Sep-
tember 2009 Borovets,Bulgaria, pp. 14-18.

Ide, Narcy, and Jean Véronis. 1994 Multext (multi-
lin-gual tools and corpora), in Procesdngs of the
15th International Confererce on Computational
Linguistics, CoLing 1994 Kyoto, August 5-9, pp.
90-96.

Inkpen Diana, Frunza Oara, and Kondrak Grzegorz.
2005 Automatic Identification of Cogretes ard
Fale Friends in French and Engdlish, in Proceel-
ings of Recert Advances in Natural Language
Processng, RANLP-2005 Bulgara, Sef. 2005
p.251-257.

lon, Radu. 2007 Metode de dezanbiguizare
semanticd automatd. Aplicatii pentru limbile
englezd si romana, Ph.D. Thesis, Romanian Acad-
emy, Bucharest,May 2007, 148 pp.

Irimia, Elena. 2008 Expefimente de Traducere Auto-
mata Bazatd pe Exemple, in Proceedngs of Work-
shop Resurse Lingvistice Romanesti si Instrumente
pertru Prelucrarea Limbii Roméne, lasi, 19-21
November 2008 pp. 131-140.

Koem, Philipp, Franz Josef Och, and Dariel Marcu.
2003 Statigical PhraseBaseal Trarslation, in Pro-
ceedngs of Human Language Tecmology Confe-
rernce of the North American Chapter of the As-

ciation of Computational Linguistics, HLT-NAACL
2003 Edmonton, May-June 2003 pp. 48-54.

Koemm, Philipp, and Hieu Hoarng. 2007. Factaed
trarglation models, in Procealings of the 2007
Joint Conference on Emgirical Methods in Natural
Languag Processng and Computational Natural
Language Leaning (EMNLP-CoNLL), Prague,
June 2007, 868-876.

Kondrak, Grzegorz. 2009 Idertification of Cognates
ard Reaurrert Saund Correspnderces in Word
Lists in Traitemen Automaique des Langues
(TALD), 50(2) :201-235.

Kraif, Olivier. 1999 ldertification descognats et ali-
gnement bi-textuel : une étude empirique, dars
Actesde la 6emeconférerce anntelle sur le Trai-
tement Automaique desLanguesNaturelles, TALN
99, Cargése,12-17 juillet 1999, 205-214.

Marcu, Daniel, and Dragos S. Muntearu. 2005 Statis-
tical Machine Trarslation: An English-Romarian
Experiment, in 7th Internationd Summe Schod
EUROLAN 2005 July 25 - August 6, Cluj-Napoca,
Romania.

Melamed, |. Dan 1999 Bitext Maps and Alignment
via Patten Recognition, in Computational Linguis-
tics, 25(1):107-130.

Navlea, Mirabela, and Amalia Todirascu. 201Q Lin-
guistic Resaurces for Factaed PhraseBasedStdis-
tical Machine Trarslation Systems, in Proceedngs
of the Workstop on Exploitation of Multilingud
Resaurces and Tools for Central and (Souh) East-
ern European Languages, 7th International Confe-
rerce on Languag Resarces and Evaluation
(LREC 2010, Malta, Val-letta, May 201Q pp. 41
48.

Oakes,Michad, P. 2000 Computer Estimation of Vo-
cabulary in Protolanguage from Word Listsin Four
Dawhter Larguages, in Journal of Quantitative
Linguistics, 7(3):233-243

Och Franz Josef, and Hemann Ney. 200Q Improved
Statigical Alignment Models, in Proceedngs of
the 38th Confererce of the Association for Compu-
tational Linguistics, ACL 2000 Hong Kong, pp.
440-447.

Och Franz Josef, and Hermam Ney. 2003 A System-
atic Comparison of Various Statigical Alignment
Models,in Computational Linguistics, 29(1):19-51.

Simard, Michel, Geage Faster, ard Pierre Isakelle.
1992 Using cognatesto align sentences, in Pro-
ceedngs of the Fourth International Confererceon
Theaeticd and Methoddogica Issiesin Machine
Trandation, Montréd, pp. 67-81.

Steirberger, Ralph, Bruno Pouliquen, Anna Widiger,
Camelia Ignat, Tomaz Erjavec, Dan Tufis, and
Dariel Varga. 2006 The JRC-Acquis: A Multilin-

151



gual Aligned Parallel Corpus with 20+ Languages,
in Proceedngs of the 5th International Confererce
on Languag Resources and Evauation (LREC
2006) Geroa, May 2006 pp. 21422147,

Todirascu, Amalia, Ulrich Heid, Dan Stefanescu, Dan
Tufis, Christopher Gledhill, Marion Weller, and
Frangcois Rousselot. 2008 Vers un dictionnaire de
collocdions multilingue, in Cahiers de Linguis-
tique, 33(1) :161-186, Louvain, aalt 2008

Tufig, Dan, and Ana Maria Barbu. 1997 A Rewversible
and Reusabde Morpho-Lexical Desciption of Ro-
manian, in Dan Tufis and Poul Andersen (eds.),
Recent Advances in Romanian Languag Tecmol-
ogy, pp. 8393, Editura Academiei Romane,
Bucuresti, 1997. ISBN 973-27-06260.

Tufis, Dan, Radu Ion, Alexandru Ceausu, and Dan
Stefanescu. 2005. Combined Aligners, in Proceed-
ings of the Workshop on Building and Using Paral-
lel Texts: Data-Driven Machine Trandation and
Beyond pp. 107-110, Ann Arbor, USA, Associa-
tion for Computational Linguistics. ISBN 978973
703-2089.

Vertan, Cristina, and Monica Gavrila. 2010. Multilin-
gual applications for rich morphdogy language
pairs, a case study on Geman Romanan, in Dan
Tufis and Corina Forascu (eds.): Multilingudity
and Interoperability in Language Processng with
Emphasis on Romanian, Romarnian Academy Pub-
lishing House, Bucharest, pp. 448-460, ISBN 978
97327-19725.

Wagner, Robert A., ard Michad J. Fischer. 1974 The
String-to-String Corredion Problem, Journal of the
ACM, 21(1):168-173.

152



