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Previous work

« Two main approaches to learn multi-/cross-lingual embeddings:
+ Alignment: learns a mapping between two languages.
+ Joint training: learns unified multiingual embeddings
via monolingual and cross-lingual objectives.



Previous work: Alignment method

* Given seed parallel embeddings: {:1:2,;, Yi ?:1
- Optimize the objective function w.r.t W:

D
mMi/n ;E(Wxi, yi) st. WWw' =1

- Solution: W =Uv"
where Xp =|r1,22,- - ,zp]'
Yp = [y1,92, ,yp]'
Yo Xp =UY V!



Previous work: Joint training

« Use multiingual training data.
« Use shared vocabulary.

« Jointly optimize monolingual and cross-lingual objectives to
learn multiingual embeddings.

L;=L1+ Lo+ R(Ly, Ls)



Problem

 Alignment:

+ Relies on two disjoint sets of embeddings.
« Joint training:

+ Overshares among languages.

+ Not leverage bilingual dictionaries.



Proposed framewor

 3-step framework:
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Proposed framework

* Vocabulary Reallocation: remove a word w from shared list If:




Results

en-es es-en en-fr fr-en en-de de-en en-it it-en en-ru ru-en en-zh zh-en | avg
Alignment Methods
(1) MUSE (Conneau et al., 2018a) 81.7 833 823 82.1 740 72.0 117 78.2 440 59.1 325 314 66.5
(2) VECMAP (Artetxe et al.. 2018a) 823 84.7 823 83.6 75.1 743 - - 49.2 65.6 0.0 0.0 -
(3) DeMa-BWE (Zhou et al., 2019) 82.8 84.9 83.1 83.5 772 744 - - 49.2 65.7 42.5 37.9 -
(4) Procrustes (Smith et al., 2017) 814 82.9 81.1 824 73.5 724 77.5 779 51.7 63.7 427 36.7 68.7
(5) GeoMM (Jawanpuria et al., 2019) 814 85.5 82.1 84.1 74.7 76.7 77.9 80.9 513 67.6 49.1 453 714
(6) RCSLS (Joulin et al., 2018b) 84.1 86.3 833 84.1 79.1 76.3 78.5 79.8 579 67.2 459 46.4 724
(7) RCSLS + IN (Zhang et al., 2019) 839 - 839 - 78.1 - 79.1 - 579 - 48.6 - -
Joint Traing Methods
(8) Unsupervised Joint 334 36.6 422 474 395 414 36.8 38.8 40 35 17.9 10.2 293
(9) Supervised Joint (Duong et al., 2016) 79.7 79.8 78.1 76.7 67.5 68.9 744 741 41.8 518 46.7 433 65.2
(10) Joint - Replace 48.2 477 494 521 46.5 46.9 438 45.8 203 36.6 327 34.1 42.0
Joint Align Framework
(11) Joint_Align (w/o AR) 559 62.8 61.8 67.0 49.1 546 50.2 514 8.7 8.2 19.4 18.2 423
(12) Joint_Align + MUSE 814 84.2 82.8 83.6 74.2 72.2 77.5 81.5 45.0 583 36.1 353 67.7
(13) Joint.Align + RCSLS (w/o VR) 342 37.0 41.2 46.8 34.0 35.6 353 35.1 1.7 5.2 20.2 15.7 29.0
(14) Joint_Align + GeoMM 826 85.7 825 842 75.5 77.2 78.2 814 524 67.7 504 46.5 72.0
(15) Joint_Align + RCSLS 84.7 879 83.5 85.6 79.6 78.0 80.6 34.0 598 67.8 54.3 48.7 74.5




