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AUTOMATED SENTENCE ALIGNMENT
IN UKRAINIAN-GERMAN PARALLEL TEXTS

Introduction. Sentence alignment in German parallel texts is a relevant task. It allows
obtaining parallel data sets necessary for many computational linguistics tasks, such as par-
allel corpus construction and machine translation. The article describes the main tasks of sen-
tence alignment, reviews existing methods and analyzes their ideas. Based on this analysis, a
new method is proposed, it is based on the Bleualign approach, which uses machine
translation systems and the BLEU metric to assess the similarity of sentences. However,
it differs in the use of additional marker dictionaries for industry terms and conjunctions,
including their synonyms. This article outlines the main tasks of sentence alignment, reviews
existing methods, and discusses their ideas. Based on this analysis, a new method is proposed.
This method is based on the Bleualign approach, which uses machine translation systems and
BLEU metrics to evaluate sentence similarity, including the alignment of parts of complex
sentences. However, it differs in the alignment process steps and introduces additional marker
dictionaries for domain-specific words and conjunctions, including their synonyms.

The purpose of the work is to develop a method and software for automated sentence
alignment in Ukrainian-German parallel texts.

Methods. The developed method is based on the Bleualign method and the BLEU metric.
It is improved by the use of dictionaries of industry terms and conjunctions, and also
provides a focus on one language pair — Ukrainian-German. The proposed method consists of
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6 stages, allowing to align sentences in Ukrainian-German parallel texts. The proposed
method is implemented in software using the Python programming language.

Results. A new method for aligning sentences for Ukrainian-German parallel texts has
been developed and its software implementation has been completed. The proposed method
is based on statistical approaches and does not require significant computing resources.
Unlike the Bleualign method, it uses dictionaries of industry terms and conjunctions for more
accurate sentence alignment.

Conclusions. Further research will include experiments and comparison of the alignment
results obtained using the proposed method with the results of the Bleualign method.

Keywords: sentence alignment, parallel texts, machine translation, BLEU metric, dictionaries.

Terminology

Sentence alignment — the process of establishing correspondence bet-
ween sentences with the same meaning in parallel texts.

Parallel texts — texts in different languages that convey the same
meaning and are translations of each other.

BLEU metric — a statistical method for evaluating translation quality
by comparing the source and target texts using n-grams.

Cosine similarity — a metric for calculating the similarity between
vectors, measuring the cosine of the angle between them; it can be used
to assess the similarity of vector representations of text features.

Machine translation — an automated process of translating text from
one language to another using software, without direct human involvement.

Marker — a unique identifier that highlights specific characteristics of
a word, phrase, or text segment, which hold particular significance in lan-
guage processing, analysis, or translation.

Introduction and Problem Statement

In the field of computational linguistics, an important task is the develop-
ment of new and improvement of existing methods for segment alignment
of parallel texts, particularly sentences. Sentence alignment is a key step
in obtaining data that can be used for building parallel corpora, training
machine translation models, and analyzing the style and syntactic struc-
ture of sentences. The effectiveness of these tasks depends on the accuracy
and volume of available parallel data.

There are many methods that can be applied to parallel texts belong-
ing to different language pairs. However, their use often requires signifi-
cant computational resources, such as through the use of multilingual
models. Furthermore, the accuracy of such methods may be low if they are
based solely on statistical approaches to data processing, especially if they
do not take into account the lexical components of the sentences. Since the
German language is widely used globally, and there are significantly fe-
wer parallel data available for the Ukrainian language compared to Eng-
lish, it seems reasonable to develop a sentence alignment method for pa-
rallel texts in the context of these languages. Focusing on a specific lan-
guage pair will allow for the creation of a sentence alignment method
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optimized for the lexical characteristics of a specific field, with fewer
computational costs compared to methods based on multilingual models,
thanks to the use of statistical approaches. This will enable the method to
be applied on standard hardware without specialized devices, making it
more accessible to a broader audience.

In light of the above, the goal of this study is to improve the accuracy
of automated sentence alignment in Ukrainian-German parallel texts by
developing a method that ensures the acquisition of a parallel data set
using statistical approaches, without requiring significant computational
resources. To achieve this goal, it is necessary to review existing methods
of automated sentence alignment, analyze their advantages and disad-
vantages, and, based on the results, develop a proprietary method and
implement its software solution.

Literature Review

Among the existing methods of sentence alignment in parallel texts, the
Gale-Church method, Hunalign, Bleualign, and Vecalign can be distin-
guished. Each of these methods uses different approaches to alignment,
so their accuracy can vary significantly.

The Gale-Church method is based on the assumption that longer sen-
tences in one language are typically translated into longer sentences in
another language, and shorter sentences are translated into shorter ones
[1]. The statistical approach, which compares the number of characters in
sentences using dynamic programming methods, allows for fast results
even for large texts. However, for obtaining accurate results, this might be
insufficient, as it does not take into account the lexical components of sen-
tences, which plays an important role in determining sentence similarity.

An alternative to the described method could be Hunalign — a hybrid
method that combines the use of dictionaries and sentence length deter-
mination [2]. This allows for quite accurate results without the need for
significant computational resources, provided that the dictionary is accu-
rate and complete.

Since compiling and formatting a large dictionary can be a time-con-
suming process, especially when there is insufficient available data, the
Bleualign method can be used. The main idea of this method is to use ma-
chine translation of the text and the BLEU metric as a measure of simila-
rity to find reliable correspondences between sentences that serve as an-
chor points [3]. Due to the widespread use of machine translation systems,
they can be applied to bring parallel texts to one language, avoiding the
creation of a special dictionary with a large number of words, as is done
in the Hunalign method. Importantly, these systems can account for se-
mantic relationships in sentences as well. Furthermore, using already
translated text allows the method to use only statistical approaches, mak-
ing it relatively simple, yet fast and efficient. However, there may be dif-
ficulties when comparing sentences that contain synonyms or have a shif-
ted word order, while maintaining the same meaning. This could lead to
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a loss of some parallel data when evaluating their similarity using the
BLEU metric, which is based on exact word matches.

This issue can be resolved by the Vecalign method, which imple-
ments a new approach for bilingual sentence alignment [4]. It is linear in
terms of both time and memory usage and requires only bilingual vector
representations of sentences. The method involves using multilingual vec-
tor models, such as LASER. This approach often provides very high ac-
curacy in results due to its consideration of both semantic and lexical com-
ponents of the sentence. However, it requires significant computational
resources, which may be unavailable under certain conditions.

Also let’s look at other sentence alignment methods and tools that
use advanced approaches and improved text processing algorithms.

Web Align Toolkit — offers an intuitive interface for automatic align-
ment of parallel texts and supports various language pairs. The tool ena-
bles text preprocessing, which improves alignment accuracy. However,
its algorithms may produce errors when processing texts containing nu-
merous idioms or specialized terminology. Additionally, the tool does not
support processing of very large texts [5].

InterText — a software with a graphical interface for semi-manual
alignment, useful for correcting results from automated methods. Its mo-
dular architecture allows integration of additional dictionaries and rules
for specific language pairs. Among the drawbacks of this project are li-
mited support for modern data formats and decreased performance when
processing texts exceeding 10,000 sentences [6].

Bertalign — a BERT-based approach ensuring semantic sentence alig-
nment [7]. It shows strong results when processing context-dependent
expressions and idiomatic phrases. The method is especially useful for
aligning literary texts where preserving not only content but also stylistic
features is crucial. However, it demands substantial computational re-
sources, which may limit its application on standard hardware. Its effec-
tiveness also sharply declines in the absence of high-quality pre-trained
models for specific language pairs.

Lingtrain Aligner — an interactive tool combining automatic align-
ment with manual editing capabilities [8], suitable for creating high-qua-
lity parallel corpora where precision in each match is essential. Its modu-
lar architecture allows adaptation to specific tasks and language pairs.
However, the system requires extensive training for effective use and
may yield unstable results for small corpora.

All these modern tools demonstrate a shift from traditional statistical
methods to neural and hybrid approaches. Nevertheless, their efficiency
often depends on the availability of computational resources, the volume
of parallel data, and text complexity, which may pose limitations for cer-
tain applications.
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Method of Automated Sentence Alignment
in Ukrainian-German Parallel Texts

The method proposed in this research is based on the idea of the Bleualign
method. It is suggested to use machine translation and sentence similarity
assessment in parallel texts, which are brought to one language using
the BLEU translation quality evaluation metric. This method, like Bleua-
lign, also supports multi-step sentence alignment, including “one-to-one”
and “one-to-many” approaches. The authors’ contribution lies in refining
the algorithm by integrating an additional lexical component — domain-
specific term and conjunction dictionaries, which are used as markers for
sentence matching. Each dictionary is manually compiled and formatted
so that synonyms for each term or conjunction are defined in both lan-
guages along with a unique marker. The accuracy of sentence alignment
using the proposed method largely depends on the size of the dictionaries
and the number of synonymous equivalents: the broader the lexical co-
verage and the more synonym pairs, the higher the alignment accuracy.
At the same time, due to their thematic focus (conjunctions and terms
within a specific domain), their volume remains moderate, allowing for
the quick creation of such dictionaries for specific tasks.

It is expected that the proposed method will improve sentence align-
ment accuracy in Ukrainian-German parallel texts by 3 —5% compared to
the Bleualign method.

The proposed method consists of 6 stages, which are shown in the
action diagram (Fig. 1).

Stage 1. Obtaining two parallel texts — the source (source) and target
(target) texts, the source language of the text, as well as the domain term
dictionary.

Alignment is possible for both Ukrainian as the source language and
German as the target language, as well as in the reverse direction. The pro-
posed method does not require additional formatting of text data since it
can work with texts that contain paragraphs.

Stage 2. Choosing the sentence alignment method.

There are two alighment options: within paragraphs or for the entire text.

For the first option, paragraph alignment is performed first by creat-
ing a vector for each paragraph, containing the calculated number of dic-
tionary term markers for each term in the given text segment. To achieve
this, the text is preprocessed: tokenization is performed to determine the
total number of words in the text. Tokenization is also necessary for fur-
ther lemmatization or stemming of both the text and the dictionary terms.
This is important for bringing terms to a uniform form; otherwise, they
would be considered different.

Next, the obtained vectors are normalized by dividing by the number
of words in the paragraph.

Then, paragraph similarity is determined by calculating cosine simi-
larity. Paragraphs are considered parallel if their similarity exceeds a de-
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fined threshold. Multiple parallel paragraphs may be found for each par-
agraph in the source text. However, there may be cases where some para-
graphs do not have any parallel counterparts due to the absence of relevant
terms in those text segments. In such cases, additional vectors for para-
graphs are created based on the following indicators: the number of sen-
tences in a paragraph and the average number of words per sentence.

Normalization for these additional vectors is performed in the same
way as for term vectors. Cosine similarity calculations for these vectors
help identify similar paragraphs, allowing an attempt to find parallel
sentences among them at later stages.

In the second option, all paragraphs are combined, allowing sentence
alignment to be performed regardless of their position within a paragraph
or the text as a whole. This approach is suitable for small texts with diffe-
rent formatting due to the quadratic complexity of the method, as simi-
larity is calculated for each possible sentence pair.

Stage 3. Translating the text from the source language to the target
language.

Due to the availability of various libraries and resources for machine
translation, the proposed method assumes the use of Ukrainian and Ger-
man texts without requiring additional translations. Therefore, in imple-
mentation, the source text is automatically translated into the target lan-
guage. This helps avoid errors that may arise when working with original
and translated texts that do not fully match.

Stage 4. “One-to-one” sentence alignment within paragraphs or the
entire text, depending on the results from the first stage.

Sentence alignment is performed in parallel texts that have been con-
verted into the same language.
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After tokenization and lemmatization or stemming, domain-specific terms
are replaced with markers obtained from the respective dictionary. This redu-
ces cases where synonyms are used in the translated source and target texts.

Sentence similarity is evaluated using the BLEU metric: sentences are
considered parallel if their similarity exceeds a defined threshold. BLEU
is usually used for translation quality assessment, but in this case, it is also
useful because sentences in the same language are being compared. Thus,
a high translation match indicates that they convey the same meaning.

A single sentence from the first text may have multiple parallel sen-
tence options, just as a single sentence from the target text may correspond
to multiple sentences from the source text.

It is important to correctly adjust the weights for n-grams used in the
BLEU metric to account for word order in a sentence. Word order is im-
portant, but in translation, it may vary significantly while still conveying
the same meaning,.

Stage 5. Aligning sentences without identified parallels using the “one-
to-many” approach (optional).

Complex sentences are split into simpler ones based on conjunctions
identified in the dictionary, and the complex sentence is aligned with mul-
tiple simple ones. As in the previous stage, the BLEU metric is used to
determine sentence similarity. This allows obtaining a greater number of
parallel data.

Stage 6. Obtaining the result.

The alignment results are formatted as corresponding pairs of Ukra-
inian-German sentences.

Software Implementation of the Method

The software is implemented in Python as a command-line application
with a modular architecture. The modules developed during the software
implementation include:

o file handling module, which enables reading text data for alignment
and saving results as a file;

e dictionary handling module, which retrieves necessary words and
their corresponding markers;

o text processing module, which performs preprocessing and transla-
tion of text data;

e paragraph alignment module, which processes parallel texts and en-
ables merging paragraphs or obtaining a set of parallel paragraphs from
the target text for each paragraph in the source text;

e sentence alignment module, which implements sentence alignment
using both “one-to-one” and “one-to-many” approaches and formats the
alignment results;

e alignment process management module, which processes input
data, calls all necessary modules, and provides the final result.

Python was chosen for software development due to its extensive set of
tools for text processing, specifically utilizing the nltk and googletrans libraries.
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All program modules include validation of input data, and functions
incorporate error-handling mechanisms to address any issues that may
arise during execution. This ensures stable and reliable program operation.

The required input data is provided via command-line arguments and
includes parallel texts in the source and target languages, a dictionary of
domain-specific terms, and the source language (Ukrainian or German).

Conclusions

Based on the conducted research on existing sentence alignment methods
in parallel texts, an own method for Ukrainian and German has been pro-
posed. This method builds upon the core idea of the Bleualign approach,
allowing for lexical sentence alignment without relying on large dictionar-
ies or significant computational resources. However, the proposed meth-
od introduces the use of a domain-specific dictionary containing terms
relevant to the subject of the parallel texts, which are utilized as markers,
along with conjunctions. This enhancement improves alignment accuracy
by treating synonyms as equivalent terms.

A software implementation of the proposed method has been devel-
oped in Python.

Future research directions include:

e conducting experiments on sentence alignment in parallel texts across
various domains, using specialized dictionaries;

e comparing alignment results obtained with the proposed method
against those of the Bleualign method.
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ABTOMATVI3OBAHE BMPIBHIOBAHHSI PEHEHD
B YKPATHCBKO-HIMELIbKVX ITAPAJIEJTbBHMX TEKCTAX

Beryn. BupisHroBaHHSI pedeHBb B YKpaiHCHKO-HIMeIIbKMX ITapasleJIbHUX TeKCTaxX €
aKTyaJIbHUM 3aBJIaHHsIM, sIKe JIa€ 3MOTY OTPUMYyBaTV Habopu IapaleIbHUX JTaHMX,
HeoOXimHmX 1 OaraTbox 3aBIaHb KOMIT IOTEPHOI JIHTBICTMKY, TaKyX gK I100yIoBa
HapaJieJIbHUX KOPITyCiB Ta MaIllMHHW Ilepekiiaj,. CTaTTs Onvcye OCHOBHI 3aBlaHHs
BUPiBHIOBAaHH: peueHb, pO3IVIdlae HasBHI MeTOAM Ta aHaslisye IxHi izmei. Ha ocHOBI
IIBOT'O aHaJIi3y MPOIIOHYEThCS HOBUVI METO/, SIKUV IPYHTY€EThCs Ha minxomi Bleualign
i BUKOPUCTOBY€E CHUCTeMM MAIIHHOIO IepeKiaay Ta MeTpuky BLEU jyis olliHKM
CX0XOCTi pedeHb. OHAK BiH BiZIpi3sHAETbCA BUKOPUCTaHHSAM HOATKOBUX CJIOBHVIKIB
MapKepiB J1JIs TaJIy3eBUX TePMiHiB Ta CIIOJIyYHVIKIB, BKITFOUAIOU M 1XHi CMHOHIMIUL.

Merta. Po3pobiieHHS MeTOAy Ta BiAIIOBiIHOTO IporpaMHOro 3abe3lledeHHS
aBTOMaTM30BaHOTO BUPIiBHIOBAaHHS pedeHb B YKPalHChKO-HIMeIbKMX HapasleIbHMX
TeKCTax.

MeTtonm. 3a 0CHOBY po3po0JIeHOTo MeTO[y BUKOpMCTaHO MeTon Bleualign Ta
merpuky BLEU. VIoro ynockoHasIeHO BUKOPVICTAHHSIM CJIOBHVIKIB Tasly3eBIX TePMiHiB
Ta CHOJIyYHMKIB, a TaKOX IlependadeHo (HPOKyCyBaHHS Ha OOHIVI MOBHIiM mapi —
YKpalHChKO-HiMeIbKifl. 3allpoIIOHOBAaHMUI MeTOH, CKJIaJaeThcs i3 6 eTamis, sAKi
ZIO3BOJIAIOTh BUKOHATV BVPIBHIOBAaHHS pedeHb B YKpalHChKO-HIMeILbKMX Mapasliesib-
HIX TeKcTaX. 3alpolIOHOBaHMUI MeTOI IIPOrpaMHO peasli3oBaHO i3 BUKOPUCTaHHSIM
MOBY IIporpamyBaHHs Python.

PesynpraTn. Po3pobiieHo HOBUT MeTOII BUPIBHIOBAHHS pedeHb JJIs YKpaiH-
CBKO-HIMEIIPKMX MMapaJIelIbHMX TEKCTiB Ta BMKOHAHO VIOTrO IPOrpaMHY peasli3aliifo.
3arporroHOBaHMIT MeTo, 0a3yeThCs Ha CTATVICTMYHIIX IIIX0Hax 1 He BYMarae 3HaUHMX
obuncrmoBaibHMX pecypcis. Ha BinMminy Bim metomy Bleualign, y HboMy BUKOPWUCTaHO
CJIOBHVIKV TaUTy3eBVIX TEPMIHIB i CIIOJTy YHVKIB 1151 OUIBII TOUHOTO BUPiBHIOBAHHS pPeYeHb.

Bucnosxm. Iloganbii mociipkeHHS BKIIIOUaTUMY Th ITIPOBeleHHs eKCIlepyMeH-
TiB i OPiBHAHHS pe3yJIbTaTiB BUPIBHIOBAHHs, OTPYMaHVX IIPYU 3aCTOCYBaHHi 3aIIpo-
IIOHOBaHOTO METOy, i3 pe3yipTaTamu Metony Bleualign.

Katouo8i caoBa: Bupibuiobanns peuens, napaseavhi mexcmu, MAWUHHULL nepexiao, mem-
puxa BLEU, caoBnuxu.
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