Compound Splitting and Analysis for Russian

Daniil Vodolazsky1'2, Hermann Petrov!

1Sher

2Higher School of Economics

September 10th, 2021

DeriMo 2021

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 1/25



Table of Contents

@ Introduction
® Compounding in Russian

© Models
Compound Identification
Splitting and Analysis
Hypotheses Scoring

@ Training, Evaluation, and Error Analysis
Compound Identification
Hypotheses Generation and Scoring

® Conclusion and Future Work

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 2/25



Table of Contents

@ Introduction

D. Vodolazsky, H. Petrov g and Analysis for Russian September 10th, 2021 3/25



Motivation

* A compound is a lexeme that consists of two or more stems.

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 4/285



Motivation

* A compound is a lexeme that consists of two or more stems.
* Compounding is a word-formation process that creates such lexemes.

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 4/285



Motivation

* A compound is a lexeme that consists of two or more stems.
* Compounding is a word-formation process that creates such lexemes.

* It can be highly productive in synthetic languages.

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 4/285



Motivation

* A compound is a lexeme that consists of two or more stems.

* Compounding is a word-formation process that creates such lexemes.
* It can be highly productive in synthetic languages.

* German: many splitters exist, the GermaNet dataset.

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 4/285



Motivation

* A compound is a lexeme that consists of two or more stems.

* Compounding is a word-formation process that creates such lexemes.
* It can be highly productive in synthetic languages.

* German: many splitters exist, the GermaNet dataset.

* Russian: no open-source tools or resources.

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 4/285



* A compound is a lexeme that consists of two or more stems.

* Compounding is a word-formation process that creates such lexemes.
* It can be highly productive in synthetic languages.

* German: many splitters exist, the GermaNet dataset.

* Russian: no open-source tools or resources.

* According to (Gromenko, 2020), 32% of the neologisms in Russian are produced with
compounding which makes it important to have a tool for their analysis.
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° rule776(adv + adj — adj): >xenesHo, gopoxHslii ‘zhel'ezno, dorozhnyy'.
° The correct choice depends on the semantics of the source and produced words.

* A morphemic segmentation in all three analysis would be the same: zhel’ez/n/o/dorozh[n|yy—and
the structural information would be lost.

° Therefore it is desirable to provide the analysis that includes the lemmas of the source words and
(optionally) the rule ID.
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Compounding in Russian

* Pure compounds wj + wy:
° ceBepo-3anap ‘severo-zapad' (northwest);
° HedpTe|npombiwnenHocTs ‘nefte/promyshlennost” (oil industry);
° uenbHo|metannuyecknii ‘tsel’nojmetallicheskiy' (full metal).
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* Classical and neoclassical compounds r; + rp (+sfx):
° 6uo|nor|us 'bioflogliya’ (biology);
° ncuxo|nat ‘psikholpat’ (psychopath).
* Such roots and other international morphemes can act as quasi-affixes and attach to normal
Russian stems:
° wurpo|Tteka 'igrofteka’ (playroom), cf. bubnwuo|teka ‘biblio[teka’ (library);
° Mera|3aBog ‘mega/zavod’ (megafactory).
* Phrasal compounds (sometimes with affixation):
° Bblwe|ynomsiHyTbli ‘vyshe[upomyanutyy' (above-mentiomed);
° clymalcwegwnii ‘slumafsshedshiy’ (mad, crazy, lit. gone out of mind);
° clymalcwectsue ‘s/umalsshestvie’ (madness), but not *cwecTeue ‘sshestvie';
° Hudero|He|genatune ‘nichego/neldelanie’ (doing nothing).
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Compounding Tasks

We separate our pipeline into three stages:
Compound identification: classify whether a word is a compound.
Splitting and Analysis: generation of the possible analyses for the compound.
Hypotheses Scoring: score the candidates and select the best.
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compound-or-not yes FSM-based compound candidate
classifier analyzer scorer

rule754:adj+adj
KEJI€BHBI, NOPOXHBIL

rule761:adj+noun+s (1) rule761:adj+noun+n (sn1)

KeJIe 3HOKOPOXHENL > >
KeJIeSHEM , Aopora KeJIeSHEM , Aopora

rule776:adv+adj
KEJI@BHO, NOPOXHEIL

Diagram of the proposed pipeline. Gray: input (zhel'eznodorozhnyy), blue: algorithmic blocks, red:
analyses generated by a rule-based model, orange: output (final analyses). The dotted line indicates that the
target word is not always used in a scoring process.
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Compound ldentification

First, we classify whether a word is a compound. We solve this task as a binary classification problem
with a character-level bidirectional LSTM with attention. More formally, given a sequence of input
character embeddings (including the special characters for the beginning and ending of the word)
X1,...,Xp, We compute
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Compound ldentification

First, we classify whether a word is a compound. We solve this task as a binary classification problem
with a character-level bidirectional LSTM with attention. More formally, given a sequence of input
character embeddings (including the special characters for the beginning and ending of the word)
X1,...,Xp, We compute
hF,...,h,',E,chLSTMF(xl,...,xn);
hB,...,h,’?,cB = LSTMB(xl,...,x,,);
h.=[hf;nB), t=1,...n;

q=Q[c"; P,
a = MultiheadSelfAttention(q, (h1,..., hy));
y=0(Wa).

We used the A. N. Tikhonov dictionary with morpheme segmentation as the dataset:
* rpomkoronocsiii rpomk:ROOT /o:LINK/ronoc:ROOT /uiii:END/biii:END — compound;
* gpatb Bp:ROOT /a:SUFF/T6:SUFF — not compound.
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Splitting and Analysis: Rules

s

"rule_id": "rule761([num + ITFX] + noun + H1(b@) -> adj)",
"info": "COMPOUND,SFX",
"pOS_b": unounu’
upos_au: "adj",
"compound_rules": {
"head": ["rule619x(noun + H1l(bi) —> adj)"1,
"modifiers": [{"pos_m": "num", "complex": ["ruleINTERFIX(num)"1}1,
"order": [1, 0],
"before_merge": [1],
"after_merge": []

s
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Splitting and Analysis: FSMs

We use the FSM concatenation technique to find all possible valid compound partitions. Most of the
Russian compounds can be described with the regular expression /(i)r(s), where [ is the left word, r is
the right word, i is the interfix applied to the left stem (optional), and s is a suffix (optional).
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Splitting and Analysis: FSMs

We use the FSM concatenation technique to find all possible valid compound partitions. Most of the
Russian compounds can be described with the regular expression /(i)r(s), where [ is the left word, r is
the right word, i is the interfix applied to the left stem (optional), and s is a suffix (optional).

H o
O”/O;j;f)@ - OHOH050H0 1050
YO H%Q%@\LQHQHQHQ
start — LUA i Qy—>OX—>Q—>© OLO\‘OOLO—%OLO—%@
Q\/‘eO—>O—>©>—>©> (%OLOLO“—VI’@
O——>0—"—0-">0 0000

Figure: Left: the FSM for numerals with interfix (ogut ‘odin’ (one) — ogHo ‘odno’, gga ‘dva’ (two) —
aBy/aByx ‘dvu/dvukh’, wectb ‘shest” (six) — wecTn ‘shesti’, mano 'malo’ (few) and mHoro ‘mnogo’ (many)
remain unchanged). Right: the FSM for adjectives derived from nouns rpanb ‘gran” (face (of a figure)), mepa
‘mera’ (measure), mecto ‘mesto’ (place, seat), cnor 'slog’ (syllable), cnoso ‘slovo’ (word) with the suffix
-#1(biii) ‘-nl(yy)'. The concatenated FSM with ID rule761([num + ITFX] 4+ noun + H1(bili) — adj) can
recognize words mHoromeptblii ‘mnogomernyy’ (multidimensional), ogHocnoghsliii ‘odnoslovnyy’ (one-word),
etc. The corresponding analyses would be represented in the form (rule761([num + ITFX] + noun + n1l(biii) —
adj), oguH, cnoeo).
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Hypotheses Scoring: Baselines

Random score from a uniform distribution: F ~%/(0,1).
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max(L, X ec, #(lr)) - max(1, X ec, #(rr)) )

F(l,r)= Iogz(

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 14 /25



Hypotheses Scoring: Baselines

Random score from a uniform distribution: F ~%/(0,1).

Frequency addition on lemmas: F(/,r)=#(/)+#(r).

Frequency multiplication on lemmas: F(/,r)=max(1,#(/))-max(1,#(r)).
PMI-based score on paradigms:

max(L, X e, Xreec, #(le re) + #(re. If))
max(L, X ec, #(lr)) - max(1, X ec, #(rr)) )

F(l,r)= Iogz(

Cosine of two lemmas based on word embeddings:

F(l,r)=cos(emb(/),emb(r));

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021 14 /25



Hypotheses Scoring: Baselines

Random score from a uniform distribution: F ~%/(0,1).

Frequency addition on lemmas: F(/,r)=#(/)+#(r).

Frequency multiplication on lemmas: F(/,r)=max(1,#(/))-max(1,#(r)).
PMI-based score on paradigms:

max(L, X e, Xreec, #(le re) + #(re. If))
max(1, X ec, #(lr))-max(1, X ec, #(rf)) )

F(l,r)=logsy (

Cosine of two lemmas based on word embeddings:

F(l,r)=cos(emb(/),emb(r));

[@ Cosine of three lemmas based on word embedding:

emb(/) emb(r)
" lemb(/)|l * lemb(r)ll)°

F(/,r,c)=cos|emb(c)
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Hypotheses Scoring: A Neural Model

° In contrast to the baseline models, a neural model can fit on training data.

* We designed the model's architecture in a way that allows loading weights pre-trained on another,
high-resource task, such as compound-or-not classification.

* Input: a compound word ¢ and N hypotheses in the form (/,r, R, Ry, Rc). Additionally, we define
three special tokens py, pr, pc with the corresponding embeddings to give a model the information
about words positions in the analysis.
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* We designed the model's architecture in a way that allows loading weights pre-trained on another,
high-resource task, such as compound-or-not classification.

* Input: a compound word ¢ and N hypotheses in the form (/,r, R, Ry, Rc). Additionally, we define
three special tokens py, pr, pc with the corresponding embeddings to give a model the information
about words positions in the analysis.

* Model training. For each hypothesis the model independently processes (¢, Rc, pc), (I, Ri, pi),
(r,Rr, pr) through a shared BiLSTM. Next, the attention is applied to the united BiLSTM outputs.
A query vector is combined from the last cell states. The result of the attention is a vector that is
finally fed into the classification head.
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Training. Compound Identification

We trained the model with a binary cross-entropy objective. The model hyperparameters and the
training parameters:

Parameter Value Hyperparameter Value
number of epochs 30 embedding size 128
batch size 128 embedding dropout 0.1
optimizer Adam body BiLSTM
learning rate le-4 body hidden size 256
scheduler constant body dropout 0.25
objective binary cross-entropy  number of body layers 2

Table: Training parameters (left) and model hyperparameters (right) for the compound-or-not classification task.
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Evaluation and Error Analysis. Compound ldentification

We used 10% of the training data for validation and got 64831, 7203, 24012 samples for training,
validation, and test, respectively. We selected the best checkpoint according to a validation F1 score.
The resulting model achieved precision 0.9404, recall 0.9256 and F1-measure 0.9329 on a test set.
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Evaluation and Error Analysis. Compound Identification

We used 10% of the training data for validation and got 64831, 7203, 24012 samples for training,
validation, and test, respectively. We selected the best checkpoint according to a validation F1 score.
The resulting model achieved precision 0.9404, recall 0.9256 and F1-measure 0.9329 on a test set.

Error Type Examples
incorrect gold annotation  floMOHOC, HEBOEHHOODsI3aHHbI/, aBTOHOMH bl
hyphened prefixes no-byaHULIHEMY, NO-BOEHHOMY, 3KC-KOPOJb
compound-like beginning CTONbINMHWMHA, ceMadop
compound-like ending 3anybenblii, BHeoYepeHoii
incorrect gold annotation Bpackayky, DOTBUHbS
loanwords BaTEPMOJIbHLINA, BaTEpPXKAKETHbIN, MUACTEHMS
phrasal abbreviations KOMBMKOPM, NOMAMPEKTOPA, TOPrNpeacTBo

Table: Main error types in the compound-or-not classification task. Top: false positives, bottom: false negatives.
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Data. Hypotheses Generation and Scoring

We manually collected 1729 compounds with their gold-standard analyses. All compounds are taken
from 'Russkaya Grammatika'. Then we split them into training (1143), validation (160), and test sets
(364).

rule_id compound left right
rule579([noun + ITFX] + verb + 0m2 — noun) Bogonag BoAa nagaTb
rule754([num + ITFX] + adj — adj) CTOMPOLEHTHbITA cTo NPOLIEHTHBbIIA
rule767([noun + ITFX] + verb + nl(bili) — adj) TPaBOSIAH bl Tpasa ecTb
rule961([adj + ITFX] + verb — verb) B3aMMOJENCTBOBaTL  B3aUMHbIA  JelicTBOBaTb

Table: Samples from the evaluation dataset: Boponag ‘vodopad’ (waterfall), ctonpouenTHsblii ‘stoprotsentnyy’
(one-hundred-percent), TpasosigHsblii ‘travoyadnyy' (herbivorous), B3anmopgeiicTBoBaTh ‘vzaimodeystvovat”
(interact).
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Evaluation. Hypotheses Generation

_ ##(correct analyses) _  #(correct analyses) _. 2PR
~ #(total analyses) ' #(total examples) '~ P+R’
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Evaluation. Hypotheses Generation

_ ##(correct analyses) _  #(correct analyses) _. 2PR
~ #(total analyses) ' #(total examples) '~ P+R’

The model achieved precision 0.0748, recall 0.7796, and F1-measure 0.1366 on a test set.
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Error Analysis. Hypotheses Generation

False Negatives:
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Error Analysis. Hypotheses Generation

False Negatives:
* Samples do not match the pattern /(i)r(s):

° B|non|ronoca ‘v/pol/golosa’ (in an undertone));
° raso|HedpTe|xpaHunuwe ‘gazo/nefte/khranilische' (oil and gas storage).
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° nepeorogok ‘pervogodok’ (first-year).

D. Vodolazsky, H. Petrov Compound Splitting and Analysis for Russian September 10th, 2021
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False Negatives:
* Samples do not match the pattern /(i)r(s):
° B|non|ronoca ‘v/pol/golosa’ (in an undertone));
° raso|HedpTe|xpaHunuwe ‘gazo/nefte/khranilische' (oil and gas storage).
* Rare wordforms in one of the compound parts:
° Tpoebopey, ‘troeborets’ (triathlete);
° cnaesiHocpun ‘slavyanofil’ (slavophile, lit. slavs lover);
° meteoycnosusi ‘meteousloviya' (weather conditions).
* Stems overlapping:
° uexoBeg 'chekhoved' (an expert in Chehkov's literary works).
* Mistakes in the DerivBase.Ru rules

° xenTtowék ‘zheltoschyok' (yellowcheek);
° wenkonpsg ‘shelkopryad' (silkworm, lit. silk spinner).

* Words that do not belong to any productive word-formation pattern:
° boeroToBHbIli ‘boegotovnyy' (combat-ready);
° nepeorogok ‘pervogodok’ (first-year).
* Phrasal compounds different from (adv + adj/part — adj):
° wanko3akugatensckuii ‘shapkozakidatel'skiy' (cocksure, lit. related to throwing caps).
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Evaluation. Hypotheses Scoring

To evaluate scoring models, we use the accuracy metric, i. e. the percentage of matches of top-1 best
candidates and ground-truth analyses.

Model Accuracy

Random (100 runs) 24.89 + 1.62
Freq. additive (lemmas) 41.05
Freq. multiplicative (lemmas) 42.70
PMI-based (paradigms) 22.59
Cosine, two lemmas 42 .42
Cosine, three lemmas 27.54
neural net, trained from scratch (30 epochs, batch size 8) 57.30
neural net, pretrained, zero-shot 31.96
neural net, pretrained, fine-tuned (30 epochs, batch size 8) 60.33

Table: Results of the scoring models.
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Conclusion. Contributions

* We proposed a pipeline for compound identification, splitting and analysis for Russian.
* We collected and annotated a gold standard dataset for Russian compound analysis.

* We achieve a high F1 score on a compound classification task and a high recall score on a
hypothesis generation task.

* We compared the different scoring functions based on word frequencies, distributional semantics
and neural networks.
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* Design and train an end-to-end pipeline.

Replace LSTMs with convolutional neural networks or transformers.

* Apply the algorithm to a large-scale vocabulary and integrate compounds into the Russian part of
Universal Derivations (UDer).

* Collect a larger dataset for training and evaluation of compound analysis.
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