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Abstract

There are multiple morphologically annotated corpora of Russian available. They have different tagsets and
annotation guidelines, which makes them difficult to use together. We proposed a neural morphological tagger for
Russian based on multitask learning technique which is able to predict morphological tags of words for different
tagsets. We evaluated our model on various corpora and showed that utilising multiple corpora without merging
them not only improves tagging performance but allows for scalable indirect conversion between multiple tagsets
in all directions. Furthermore, we also showed that treating each corpus separately is more efficient than merging
the corpora even if they share the same tagset.
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Annoramug

Jljist pycCKOro si3blka, JIOCTYIIHO MHOXKECTBO aHHOTMPOBAHHBIX KODPILYCOB, CHAOXKEHHBIX MOPdOJIO-
rUYecKoil pasmerkoii. Pazmnuns Mexy nx MOpdOIOrnIecKUMYU CTAHJAAPTAMYI U CXEMAMH AHHOTAINA
YCJIOXKHSIIOT UX COBMECTHOE MCIOJIb3oBaHue. Mbl paspaborain Moxeab MOPGOTIOTHIECKOrO AHAIMN3a-
TOpa JJIsi PYCCKOTO $I3bIKa HA OCHOBE HEHPOHHBIX CeTel M MHOro3aJadHoro obydenus. Momesnb 1o3-
BOJISIET CHAOXKATH CJIOBA MOPMOJIOrHYECKONH Pa3MeTKON JJIsi PA3HBIX MOP(OJIOIHYECKUX CTAHIAPTOB.
Jljis1 OLIEHKM KavecTBa MbI MCIIOJIB30BAIN PsAJ KOPILYCOB U MIOKA3AJH, YTO MCHOJIb30BAHUE HECKOJIBKAX
KOPILYCOB 03 UX CJIMsIHUSI He TOJIbKO YJIydllaeT KadeCTBO PA3METKH, HO ¥ IIO3BOJISIET KOCBEHHO HC-
[I0JIb30BATH MOJIENb sl KOBEPTAIIUU MEXKJLy HECKOJIBKUMHU MOPQOJOrMIeCKUMU CTAHIAPTAME BO BCE
CTOPOHBI, IIPHYEM MOJIEb JIETKO MACIITA0UpyeTcss Ha OOJIbIllee YUCJIO CTaHAapTOB. Kpome Toro, Mbl
TaKKe MOKA3aJIM, 9TO MCIOIb30BAHNE KAXKJIOTO KOPITyCa KaK OTAEIbHYIO euHuIy 6osee 3hdpeKTrBHO,
YeM CJIMsIHUE KOPILYCOB, Jlaske TOIVIa, KOIJIa KOPIIyChbl UMEOT o01muit MopdoIornyeckuii crasiapr.

Kimouessie ciroBa: Mopdosiornueckuii anaamns, MOpQOIOrnIecKuil CTAaHAAPT, KOHBEPTAIUS, MHOIO-
3a/1aHOE 00yUeHne

1 Introduction

Morphologically annotated corpora are valuable sources of data for linguistic research and natural lan-
guage processing (NLP) tasks like morphological tagging and parsing. Such a corpus provides each word
with a set of values of morphological categories! such as part-of-speech (POS), case or gender.

In the case of the Russian language, many corpora with morphological annotation exist. However,
each corpus often has its own unique tagset (Hana and Feldman, 2010; Sharoff et al., 2008, to name a

"Throughout the paper we will refer to each unique set of morphological features assigned to a word as a morphological
tag.
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few) and converting between them without mistakes and information loss is a challenging task. One clear
example is morphological analysis contest MorphoRuEval-2017 (Sorokin et al., 2017). The organisers
provided four different annotated corpora and automatically converted morphological tags to the Univer-
sal Dependencies (UD) v2.0 format (Nivre et al., 2020). But most participants ended up using only one
dataset because adding others did not improve the performance of their models, especially models based
on deep learning methods.

From a linguistic perspective, merging different corpora allows linguists to widen their research scope.
From a statistical perspective, including machine learning and deep learning, more data would allow
better performance of morphological processing tasks because it helps with the data sparseness problem.

Tagset conversion is challenging for multiple reasons:

1. Lack of parallel data. Russian corpora have little common texts, which makes it hard to create
conversion rules, since each word’s tag depends on context. Training a supervised conversion model
is also not possible under these circumstances.

2. Inter-annotator agreement. Even if two corpora share the same tagset, they might follow different
annotation guidelines because some language phenomena are debatable. These differences might
be crucial in terms of performance for the neural taggers. This problem to a lesser extent occurs
within a single corpus when different annotators make different decisions because of the flaws in
the guideline (Plank et al., 2014). Another challenge occurs when inter-annotator agreement score
is high but all annotators make the same error in some cases (Bocarov et al., 2013).

3. Lack of annotated data. Some corpora are small and not representative enough to make plausible
conversion results without the use of additional resources.

There are many approaches to this problem. We can divide them into two groups: direct and indirect.
Direct approaches are mainly rule-based: for a given word in a source corpus, there is a rule to convert
its tag to the target corpus format based on the word’s context (including annotation). Although some
automated tools exist to provide multi-corpora tagset conversion?, it is hard to cover all possible patterns
using rules, and it requires manual correction, which is time-consuming. For example, in the process of
converting syntactically tagged Russian text corpus SynTagRus (InSakova et al., 2019) to the UD format
(Droganova and Zeman, 2016) some sentences were omitted due to differences in the guidelines. Some-
what similar is the task of providing a unified tagset from a number of corpora’s tagsets for comparison
purposes (standardisation). Such tagsets usually lack some morphological features because of conversion
difficulties (LjaSevskaja et al., 2010; Lyashevskaya et al., 2017).

Indirect approaches are usually based on statistical morphological taggers. Such taggers, trained on
the target corpus, intrinsically utilise source corpus annotation. These approaches are applicable to both
tasks: morphological tagging and tagset conversion. One such approach (and some variations) aimed at
tagset conversion trains a tagger to produce the so-called bundled tags (Li et al., 2015). Let 7 and T*
be the set of all possible tags in source and target corpus, respectively. Then the set of all bundled tags
is a Cartesian product 7° x T*. During training, instead of predicting a correct label £t € T the model
predicts all labels in the set {tf} x T thus making the labels ambiguous. That allows to predict labels
from both tagsets at the same time. The authors tested the approach by training a POS tagger on two
Chinese corpora. This approach is practically inapplicable to Russian because there are hundreds and
thousands of different morphological tags possible in a given corpus compared to a few dozens of POS
tags in Chinese, which keeps the Cartesian product small.

As for the Russian language, there is one indirect approach in the literature to our knowledge, and
it is based on transfer learning technique (Andrianov and Mayorov, 2017). Namely, the authors trained
multiple neural taggers (one tagger per source corpus in the case of multiple source corpora) and used
their intermediate layers’ outputs as inputs to the main tagger trained on the target corpus.

All those indirect approaches have one essential drawback: scalability. We often need to be able to
make the conversion in both directions, and the mentioned approaches are not easy to apply when the
number of the target corpora is more than one.

The primary objective of this paper is to show how unrelated Russian morphological corpora can

*See, for example, https://pypi.org/project/russian-tagsets/
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benefit each other on the morphological tagging task in a scalable manner. We train a neural morpho-
logical tagger in a multitask learning setting, treating each corpus’ annotation separately but sharing the
intermediate text representation. We do not use pretrained word embeddings or any other external data
besides the corpora. We evaluate our model on a set of Russian corpora and also on the data provided in
the MorphoRuEval-2017 contest for comparison. We show that utilising multiple corpora in a multitask
setting improves tagging performance on each tagset, but it depends on the size of the corpus. We also
show that treating multiple corpora sharing the same tagset separately instead of merging them leads to
a better tagging performance.

The paper is organised as follows. Section 2 describes the proposed neural tagger model. Section 3
provides experimental results, which we discuss in section 4. Section 5 concludes the paper.

2 Methods
Our model receives a tokenised sentence in the form of AwoArd3 sequence {wi,ws,...,wy} as input
features, and predicts a sequence of morphological tags {t],%}, ..., t}} for each tagset 77. We provide

detailed description of the model in the next sections.

2.1 Model architecture

The model has three basic blocks:

1. word embeddings

2. encoder layer

3. output layer.

We used GRU-based (Cho et al., 2014) character-level word embeddings, proven to be effective in
various NLP tasks, including morphological tagging (Heigold et al., 2017; Lukovnikov et al., 2017).
Each word w; is represented as a sequence of its characters {cj, ¢, . . ., ¢ }. Each character is represented
as a one-hot encoded vector over a predefined vocabulary V¢"*" and passed to a character embedding
layer:

cgmbed — pyrembed . one hot(c;),
, , h .
where TWembed ¢ [Rehar_embedding sizex |V = Al word’s character embeddings are then passed to a

unidirectional GRU layer:

ri = o(Wpcd™ed 4 b, + U RS 4 u,),

i—
zZi = O'(chfmbed +b, + Uzhfﬁalm + ’LLZ),
n; = tanh(Wnc™* + b, +1; © (Unh$™" + uy)),
h;;har — (1 _ Zi) On; +2z;© hgﬁ‘iﬂ

h
h(c) ar =0,

where o is the sigmoid function, W,., U, W, U, W,, U, € [Rehar_hidden_sizexchar_embedding_size gpq
by, ur, b, uy, by, u, are the bias vectors, respectively. The final hidden state of the character sequence is
the word embedding of the word w;:

embed — hzhar

w;

As the encoder layer, we chose the Transformer model’s encoder. Not only this model showed prom-
ising results in various sequence tagging tasks (Devlin et al., 2019) because of its receptive field, but
also its architecture allows easier interpretation through visualisation compared to other encoder models
including recurrent neural networks. We did not make any changes to the architecture besides hyper-
parameter tuning (we also did not use the decoder layer of the Transformer) so we refer the readers to
the original paper (Vaswani et al., 2017) for more details. The output of the encoder layer is

3We treated punctuation marks as words.
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ENcC

w§"® = Trans former Encoder(w§™?),

)

where w¢ne € Rmoderx1,
We made |T'| output layers where |7'| is the number of tagsets (corpora). Each output layer projects
each encoder’s output to a probability distribution over a predefined set of tags:

out __ J enc
wy™ = softmax (W, w™ + bout),

where Wgut € R'Tj|de°del, j=1,2,...,|T| and by, is the bias vector. The predicted morphological
tag in a given tagset for a given word is the tag with the highest probability. See Figure 1 for the graphical
representation of the model.

S MH MVYX
( X X J 00
A MH UM A pl nom plen JIM HEOJL S pl nom
Output eoe Output Output eoo Output
layer 1 layer |T| layer 1 layer |T|

1 I {

Transformer encoder

| Hedtsaubie | | Kauesn |

Figure 1: Graphical representation of the proposed neural tagger for the sentence Neftjanye kaceli.

2.2 Model hyperparameters

Table 1 shows the hyperparameters we used in our model. We fine-tuned these hyperparameters once
and did not change them between the experiments.

Model part Hyperparameter Value

Word embeddings |V char] 95
char_embedding_size 32
char_hidden_size 128
Encoder layer Amodel 128
dyss 512
Pirop 0.1

Output layer |77 | Depends on the corpus

Table 1: Hyperparameters of the proposed model. We did not mention some hyperparameters in the
section 2.1 and for them, we either use the notation proposed in the paper (Vaswani et al., 2017) or not
mention them at all if we did not make any changes.
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We used the Adam optimiser with weight decay (Loshchilov and Hutter, 2019). Its hyperparamet-
ers as well as learning rate function are almost identical to (Vaswani et al., 2017) except we chose
warmup_steps to be 10% of the total number of steps.

One problem with our model is the training process. We used cross-entropy as the cost function, but
each task (each output layer) has its own cost function and simply adding them up may affect performance
since different corpora have different sizes. To overcome this issue, we adopted the approach proposed
in (Cipolla et al., 2018). Namely, before adding up, it weighs each cost function by considering the
homoscedastic uncertainty of each task.

3 Experiments

We chose eight different corpora to evaluate our model. We divided them into two parts to conduct two
different sets of experiments. The first part consists of the manually (re)annotated corpora:

1. Syntactically tagged Russian text corpus SynTagRus (In§akova et al., 2019). It is a subcorpus of the
National Corpus of the Russian language. SynTagRus is supplied with several types of annotation,
including fully disambiguated and manually corrected morphological and syntactic annotation.

2. Disambiguated subcorpus of the National Corpus of the Russian language (RNC) (Plungjan and
Sic¢inava, 2004). This subcorpus was manually disambiguated, and it provides full morphological
annotation.

3. Russian Universal Dependencies Treebank annotated and converted by Google (GSD)*. GSD is a
small treebank automatically annotated and converted into UD format. The current version was
manually reannotated and provides full morphological and syntactic annotation.

4. Russian Universal Dependencies Treebank based on data samples extracted from Taiga Corpus and
MorphoRuEval-2017 and GramEval-2020 shared tasks collections (Taiga)®. It includes manually
corrected morphological and syntactic annotation.

The second part consists of the corpora provided by the organisers of the MorphoRuEval-2017 contest

(Sorokin et al., 2017):

1. UD SynTagRus. It is the SynTagRus corpus automatically converted into UD format.

2. RNC Open. It is a smaller part of the RNC corpus mentioned above being automatically converted
into UD format.

3. GICR. It is a morphologically disambiguated part of the General Internet Corpus of Russian (Piper-
ski et al., 2013). It was automatically annotated and then converted into UD format.

4. OpenCorpora. It is a morphologically disambiguated part of the OpenCorpora project®. It was
manually annotated and then automatically converted into UD format.

We tackled some corpora differently from others. The first difference is how we split the corpora into
training, development and test sets. GSD and Taiga corpora have predefined splits, so we left it as is. For
SynTagRus and RNC, we used their intersection as test sets and split the remaining sentences randomly
so that 10% of the sentences form a development set. For the remaining four corpora, the organisers
of the MorphoRuEval-2017 contest provided a shared test set, so we split these corpora into train and
development sets with the ratio 9:1, respectively.

The second difference is how we collected grammemes. We used the tagset descriptions provided with
SynTagRus, RNC, GSD and Taiga and then omitted all non-inflectional features. For the remaining four
corpora, we used only those grammemes which were counted at the testing phase of the MorphoRuEval-
2017 contest.

To collect the tagset of a corpus, we followed the following algorithm:

1. Collect each word’s tag from a corpus.

2. Exclude unused grammemes from each tag.

3. Remove duplicate grammemes from each tag (in case of annotation errors).

*https://universaldependencies.org/treebanks/ru_gsd/index.html
>https://universaldependencies.org/treebanks/ru_taiga/index.html
http://opencorpora.org/
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4. For SynTagRus and RNC: replace each tag in which any grammatical category has two or more
different values with a special "erroneous" tag.
5. Sort grammemes in each tag.
6. Return unique preprocessed tags.
See Table 2 for the detailed statistics of each corpus.

Corpus name  #Sentences #Words #Grammemes #Tags (|77])

SynTagRus 97138 1685273 45 470
RNC 519726 7961784 62 1285
GSD 5030 98000 52 652
Taiga 17871 197001 54 683

UD SynTagRus 50116 931075 41 237

RNC Open 98892 1344875 41 492

GICR 83148 1086148 41 292
OpenCorpora 38508 457583 41 366

Table 2: Corpora statistics. We treat punctuation marks as words and POS features as grammemes.

We conducted two series of experiments. The first series concerns 4 corpora: SynTagRus, RNC, GSD
and Taiga. They have different sizes, tagsets and annotation guidelines. We trained 15 different neural
taggers using different subsets of corpora (one tagger for each of the 4 corpora, one tagger for each of
the 6 pairs, one tagger for each of the 4 triples and one tagger trained on all 4 corpora) and compared
their performance.

The second series of experiments concerns the remaining 4 corpora: UD SynTagRus, RNC Open,
GICR and OpenCorpora. These corpora share the same tagset, they are similar in size, but they follow
different annotation guideline. We trained and evaluated 15 different neural taggers in the same way as
in the first series, but because the tagsets are the same, we were able to train another combined tagger
using a single merged corpus which consists of all 4 corpora. For that final experiment, we also merged
the corpora’s tagsets.

Each tagger has the same model architecture described in section 2.1. We trained each tagger for
10 epochs and chose the final parameters based on the best development set performance. We did not
use fixed mini-batch size because different sentences vary in size dramatically. Instead, each mini-batch
contained some sentences of the same length from the same corpus with the overall limit of 2048 words
per mini-batch. Since each corpus has morphological annotation for only one output layer, we froze
the weights of other output layers during training, depending on to which corpus the sentences from the
current mini-batch belong.

4 Results

To compare the taggers, we used per-word and per-sentence accuracy. The word is tagged correctly if
the tag predicted by tagger is the same as in the gold standard (it means that the tags’ grammemes also
match). The sentence is tagged correctly if each word’s tag match with the corresponding tag in the gold
standard.

Figure 2 illustrates the per-word tagging accuracy on the test sets for each tagger from the first series
of experiments. We arranged the models in ascending order of their joint corpora size. Each line corres-
ponds to the respective output layer, so different lines also correspond to different test sets.

From the results, it is clear that low-resource corpora always benefit from multitask learning scenario
when trained jointly with the larger corpora, despite their tagsets and annotation guidelines. The opposite
does not hold. However, Taiga and GSD generally benefit from each other, as well as SynTagRus and
RNC. We speculate that this might be due to two reasons. The first reason is that these two pairs have
comparable corpus size. The second reason is that GSD and Taiga have almost identical tagsets.

Another finding is that despite the single-task learning models show a clear trend “more data — better
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Figure 2: Per-word tagging accuracy (%) on the test sets for each model from the first series of experi-
ments. Each line shows accuracy with respect to its output layer. The models are arranged in ascending
order of their joint corpora size.

performance”, the SynTagRus corpus shows the best overall performance. We believe that this is because
SynTagRus has relatively small tagset, and it suffers less from the data sparseness problem.

One limitation of our comparison is the fact that we fine-tuned the model architecture’s hyperparamet-
ers using the SynTagRus+RNC pair, which might be the reason why these two corpora benefit from each
other. At the same time, the best performance for each test set provide the largest or the second-largest
model in terms of joint corpora size. This contrasts with the paper (Mishra, 2019): the authors utilised a
similar multitask learning approach to do POS tagging of English tweets, but did not improve the results
for all corpora compared to a single-task learning approach.

Figure 3 illustrates the performance of the taggers from the second series of the experiments in the
same manner as in Figure 2. This chart has two key differences from the previous one. The first difference
is that the performance of the model for a given tagset does not depend on the tagset’s corpus size at all:
the largest corpus is RNC Open, and it performs poorly compared to the UD SynTagRus and GICR
corpora. This appears to be the case of annotation guidelines differences. Since all these models share
the same test set, the results show which corpus’ annotation guideline is closer to the test set’s one. This
agrees with the fact that according to (Sorokin et al., 2017) the test set is the GICR subcorpus.

The second difference is the fact that here each corpus benefits from all others. This does not contradict
the previous findings because all these corpora have comparable size. One exception which is visible on
the UD SynTagRus line has already been explained: using data from the GICR corpus leads to better
performance.

The best performance of the second series of experiments achieved by the largest model with the GICR
tagset prediction layer. We compared our best model with the models provided by the participants of the
MorphoRuEval-2017 contest in a closed setup, since we did not use any extra resources. We also added
our combined model mentioned in section 3 into comparison. The results are shown in Table 3.

Our best model performance is comparable to the performance of the contest participants’ models,
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Figure 3: Per-word tagging accuracy (%) on the test sets for each model from the second series of
experiments (excluding the combined model). Each line shows accuracy with respect to its output layer.
The models are arranged in ascending order of their joint corpus size.

Model name Per-word accuracy, % Per-sentence accuracy, %
OpenCorpora+UD SynTagRus+

+GICR+RNC Open 93.88 62.58
(GICR tagset output)

Combined 91.25 52.65

MSU-1 93.39 65.29

IQUMEN 93.08 62.71

Sagteam 92.64 58.40

Aspect 92.57 61.01

Table 3: Comparison of our models with the top 4 models provided by the participants of the
MorphoRuEval-2017 contest on the test set in a closed setup.
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although we did not use any dictionaries or hand-crafted features. We achieved the best per-word accur-
acy and third best per-sentence accuracy. The comparison with the combined model provides supporting
evidence that even corpora with a shared tagset may perform poorly when merged together because of
the differences in the annotation guidelines.

5 Conclusion

In this paper, we proposed a multitask learning based approach to Russian neural morphological tag-
ging, which effectively utilises multiple corpora with different tagsets or annotation guidelines. To our
knowledge, we for the first time applied the multitask learning technique in terms of predicting tags from
different tagsets to the task of morphological tagging of Russian texts.

We showed that the effectiveness of morphological tagging depends on corpora size, tagset size and
annotation consistency. Our findings help to better understand how tagset conversion affects performance
of NLP tasks.

Our model is able to indirectly make tagset conversion in a scalable way taking into account differences
in the morphological annotation guidelines, but full morphologically annotated corpora conversion does
not end there. Such corpora often have other differences, including tokenisation and lemmatisation
scheme. This may constitute the object of future studies.
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