Multilingual Embeddings

» Input: corpora in many languages. Output: embeddings where
similar words in different languages have similar embeddings

| have an apple Y
47 24 18 427 < =
ai  have
J" ai des oranges | Je /)

47 24 89 19381

» multiCluster: use bilingual dictionaries to form clusters of words
that are translations of one another, replace corpora with cluster
IDs, train “monolingual” embeddings over all these corpora

» Works okay but not all that well

Ammar et al. (2016)



Multilingual Sentence Embeddings
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» Form BPE vocabulary over all corpora (50k merges); will include

characters from every script

» Take a bunch of bitexts and train an MT model between a bunch
of language pairs with shared parameters, use W as sentence

embeddings

Artetxe et al. (2019)



Multilingual Sentence Embeddings

EN EN — XX
fr es de el bg ru tr ar vi th zh hi sw ur
Zero-Shot Transfer, one NLI system for all languages:
Conneau et al. X-BiLSTM  73.7 67.7 68.7 6777 689 679 654 642 648 664 64.1 658 64.1 5577 584
(2018b) X-CBOW 64.5 60.3 60.7 61.0 60.5 604 57.8 58.7 57.5 588 569 588 563 504 52.2
BERT uncased® Transformer 81.4 - 743 705 - - — - 621 - - 638 - — 583
Proposed method BiLSTM 73.9 719 729 726 728 74.2 721 69.7 714 T72.0 69.2 714 65.5 62.2 61.0

» Train a system for NLI (entailment/neutral/contradiction of a sentence
pair) on English and evaluate on other languages

Artetxe et al. (2019)



Multilingual BERT

» Take top 104 Wikipedias, train BERT on all of them simultaneously

» What does this look like?

Beethoven may have proposed unsuccessfully to Therese
Malfatti, the supposed dedicatee of "Fur Elise"; his status as a
commoner may again have interfered with those plans.

SAANESREF S BEAIUXE/NHFREN, EIRIANL
EHE/E“Fur Elise” (Bl {Za&AN%2) ) [51],

Kutait (odbmnumanbHo — Kutarickaa HapoaHasa Pecny6auka,
COKpalweéHHo — KHP; kut. tpag. FE A BREFME, ynp. FEAK
HH[E, nuHbMHb: Zhonghua Rénmin

Gonghéguo, nann.: YXyHxya KaHbMUHb
[VHX3ro) — rocyaapcTso B BoctoyHOM A3



Multilingual BERT: Results

Fine-tuning \ Eval EN DE NL ES Fine-tuning \ Eval EN DE ES IT

EN 90.70 69.74 7736 73.59 EN 96.82 89.40 8591 91.60
DE 73.83 82.00 76.25 70.03 DE 83.99 9399 86.32 88.39
NL 6546 65.68 89.86 72.10 ES 81.64 88.87 96.71 93.71
ES 65.38 5940 6439 87.18 IT 86.79 87.82 91.28 98.11

Table 1: NER F1 results on the CoNLL data. Table 2: POS accuracy on a subset of UD languages.

» Can transfer BERT directly across languages with some success

» ...but this evaluation is on languages that all share an alphabet

Pires et al. (2019)



Multilingual BERT: Results

HI UR EN BG JA
H 971 859 EN 968 &87.1 494
UR 91.1 938 BG 822 989 51.6

JA 574 67.2 96.5

Table 4: POS accuracy on the UD test set for languages
with different scripts. Row=fine-tuning, column=eval.

» Urdu (Arabic script) => Hindi (Devanagari). Transfers well despite different
alphabets!

» Japanese => English: different script and very different syntax

Pires et al. (2019)



