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Overview Experimental Setup

! ,Th's Work presents ar.w.analy5|5 tool using JoINt matrix fact.orlzghgn.to , = DATA: CoNLL 2017 Wikipedia dump for training our models; treebanks from
investigate how multilingual pre-trained models capture linguistic information. Universal Dependencies 2.1 for morphosyntactic features

= An alternative to probing, our analysis tool uses subpopulation analysis [2], to ,
= TASK: masked language modelling (MLM).

compare the latent representations of multilingual and monolingual models. | 3
= The comparison is done using PARAFAC2 [1], which jointly factorizes = MODEL: XLM-R architecture for the multilingual £ model; RoBERTa for the

representations into components that can be analyzed and recombined to monolingual ¢, models. All models are trained from scratch.

uncover underlying structures and patterns in the data.
= A large-scale study on 33 languages and 1/ morphosyntactic categories shows
that different layers of multilingual representations encode morphosyntactic

information at different levels, depending on the language and the categories. 1. The average signatures decreases across layers for all languages.

Main Findings

2. Multilingual models learn distinct representations for logographic writing systems (e.g.,
Methodology Chinese and Japanese), but romanization helps make the representations more similar.
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= Subpopulation analysis: compare the representations of control model C trained

on data of interest and experimental model E trained on additional data from 0.5- 05 -
different sources;

= Here we have a multilingual model E, and monolingual models C, for ¢ € [ L];
= Two sets of representations (per language ¥): Z,, X, from data fed to E and C;
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= Obtain the covariance matrix €2,, defined as: 2, = ZZXK;
= Apply PARAFACZ on the set of joint matrices, decomposing each €2, into:
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Figure 3. Comparison of average signature violin plots for all layers and languages between original
data and data with Chinese and Japanese romanized.

3. Unique character count and TTR for each language negatively correlate with signatures.
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Figure 1. A diagram of the matrix factorization that PARAFAC2 performes. —0.8 —0.6 —0.4 —0.2 0.0 0.2 0.4 0.6 0.8
Figure 4. Pearson correlation results between the average signatures for all languages and other
We call the elements on the diagonal of ¥, signatures of the language, which assesses computed features for each morphosyntactic category.

It similar directions in V are important for the transformation to monolingual space.
4. No correlation between data size and average signatures in the overall dataset. How-

Phylogenetic Tree ever, within categories, correlation decreases across layers, suggesting language-specific
properties’ influence on representing morphosyntactic attributes in the multilingual model.
We are able to construct a phylogenetic tree using factorization outputs and hierar-
chical clustering between languages. Y
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. . . . size for each morphosyntactic category among all layers.
Figure 2. Phylogenetic trees of languages based on the distance between signatures vectors. PHOSY 5oy 5 4
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