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DEEP LEARNING MODELS FOR SOLVING THE PROBLEM
OF COMPARING UNSTRUCTURED TEXTUAL INFORMATION

This study is devoted to the application of modern deep learning methods, such as universal multilingual sentence vector
representations, for analyzing and comparing the similarity of unstructured text documents. The paper develops an algorithm for
determining the similarity of multilingual texts using deep neural networks. The authors propose a supervision-free method for fast
analysis and comparison of complex documents on similar topics written in different countries and in different languages. The
presented methodology involves pre-processing documents, reformatting them for comparison, and applying deep learning
methods to detect textual similarities. The algorithm is tested on the example of a comparative analysis of the similarity of the texts
of the Tax Code of Ukraine and the German fiscal code. The Ukrainian fiscal code, presented in HTML format, was processed using
the library for analyzing HTML documents and regular expressions, while the German fiscal code in PDF format required special
analysis of unstructured content. In the course of the study, to improve the accuracy and overcome the identified limitations of
universal multilingual vector representations, the Ukrainian document was translated into English using the Google Translate API.
Solving the given task requires deep pre-processing of the data, which was carried out in this study. The article provides a step-
by-step algorithm of the proposed methodology, which leads to the formation of a correlation table, which determines the similarity
between similar multilingual text documents. Additionally, the authors support every step with their reasoning about how to
interpret intermediate results and understand if the method should be adjusted to the need or the problems of the specific
documents, like applying machine translation or advanced pre-processing.

The authors propose an algorithm for applying this method to the fiscal codes of European Union member states or other
countries. In this research, we identified and described the limitations of this approach, demonstrated the verification of
intermediate results, and supplemented the method with additional capabilities to increase its reliability. Recommendations are
given on the possibilities of applying the proposed methodology, in particular, the development of algorithms for standardizing
certain documents of the European Union.
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Introduction

We focus our research on the comparison of the Ukrainian fiscal code with the German fiscal code. These fiscal codes share
common principles but have a very different structure and different sizes — and so making them difficult to compare manually.

As a part of the preparation for the research, we analyzed the frequency of the changes to the Ukrainian fiscal code, and
we can see that it has received constant updates and amendments during the last decade shown on Fig. 1 which signifies
the importance of our research not only from a scientific perspective, but also from the practical need.

Ukraine is actively moving to the European Union, and an important part of the movement is to harmonize Ukrainian
legislative standards with the standards required in the European Union. At the same time every country, while following the
general principles, adopts its own legislative documents which are not identical.

Natural language analysis has made many steps forward in recent years, and by applying modern Deep Learning
techniques to document analysis and comparison we are offering a method to identify missing common parts. We do not aim
to substitute human analysis, but aim to offer a robust, easily verifiable approach that will supplement it — so we're leaving
generative models out of the scope of this research.

We're using Multilingual Universal Sentence Embeddings initially introduced by Google (see Basystiuk, & Melnykova,
2022; Shakhovska N., Basystiuk, & Shakhovska K., 2019) — which allows us to analyze texts in different languages.

In recent years, scientists have been using artificial intelligence technologies, in particular deep learning methods, to
analyze unstructured data, recognize and compare natural language texts.

For example, works (Golomoziy et al., 2023; lanevych et al., 2023; Peng et al., 2023) investigated methods for classifying
unstructured texts related to the processing of court documents. The transformation of unstructured text data into a statisti,al
dataset allowed them to be used for analysis by scientists, journalists, government officials, politicians, and anyone else. This
papers provide a literature review summarizing the methods and approaches used in the application of natural language
processing (NLP) techniques specifically for the legal domain.
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Fig. 1. Frequency of changes to different sections of the Ukrainian fiscal code

It should be mentioned that other researchers' scientific works on similar topics mainly focus on the study of methods and
algorithms for classification, translation, and clustering. Unlike other studies, this article is devoted to the development of
methods and algorithms for determining the similarity of the content of pro-lingual unstructured text documents.

One of the problems noted by researchers in improving object recognition is the availability of prepared large datasets
required for training neural networks. The authors of this article propose a methodology for preparing, processing, and
analyzing multilingual similar text documents to determine their similarity in content. The model proposed by the authors was
tested by comparing the texts of fiscal codes of different countries. For the sake of purity of the experiment, the authors chose
German texts rather than English-language documents, which is a fairly common practice.

1. Methodology

The solution to this problem requires deep pre-processing of relevant information and unstructured data, the so-called
sub-deep (in the sense of deep learning) processing.

When processing unstructured data, sub-deep processing includes Understanding, Cleaning, Data Transformation,
Feature Engineering, Splitting DataSet, Data Augmentation.

Let us present our methodology in the form of a step-by-step algorithm, considering the case of comparing the similarity of
the texts of the fiscal codes of Ukraine and Germany.

Ukrainian and German fiscal codes, in addition to having different structures and sizes are also offered in different formats.

1.1. Data preparation. Ukrainian and German fiscal codes, in addition to having different structures and sizes are also
offered in different formats.

Ukrainian fiscal code is an HTM document, where different sections are represented as <span> tags with the specific
class names:

<span class=rvts15>PO3[IJ1 |. BATAJIbHI NMONOXEHHA</span></p>
<p class=rvps2><a name=n131></a>
<span class=rvts9>CTtatTa 1.</span> Ccepa gii [MogaTkoBoro kogekcy YkpaiHu</p>

Using the regular expressions, we split the whole document into small segments — one segment is one article of the code
with all the related sub articles. Then, using the Python library BeautifulSoup, we extract the text from HTM.

from bs4 import BeautifulSoup
def strip_html(html):
return BeautifulSoup(html, 'html.parser').get_text(separator="")

We have also excluded a small number of articles which consisted of the tables or other non-textual information.

To parse the PDF file of the German fiscal code we used PyMuPDF library and its "fitz" Python package. This PDF file
has a table of contents (ToC) — so we tried to utilize the built-in "get_toc()" function to get the references to different sections
of the fiscal code. But the ToC of this PDF file is not a properly structured ToC in terms of the PDF format and only has visual
resemblance. So, to properly split the sections of the file we had to write our own ToC parser, and then our own extractor of
the fragments from the ToC.

Finally we used the fitz builtin "get_text()" method to get the textual representation of the articles, skipping tables and other
non-textual information similar to what we did for the Ukrainian fiscal code.
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As a result, we were able to have similarly structured and sized articles of both fiscal codes, which we saved in the JSON
format for the convenience of our analysis.

1.2. Research design. One of the popular approaches to analysis of multilingual texts is based on the usage of the
Multilingual Universal Sentence Embeddings (Basystiuk, & Melnykova, 2022). We used an open, pre-trained model published
by Google, available at the TensorFlow hub (Basystiuk et al., 2021).

As we can see on Kaggle (Boyko et al., 2019; Yang et al., 2019), this model has gained popularity, but to see if it can be
applied to our use-case and our data we performed an initial test and checked how it would behave on the samples from our
texts by comparing vector distances which we calculated using the embedding from the model with our perception of what
articles are close to each other:

import tensorflow as tf

import tensorflow_hub as hub

from sklearn.metrics.pairwise import cosine_similarity

embed = hub.load("https://www.kaggle.com/models/google/universal-sentence-encoder/frameworks/TensorFlow2/
variations/multilingual/versions/2")

sentences = [
'1.1. MNopaTkoBUI KOAEKC YKpaiHN perymnoe BiAHOCUHM...",
'A commercial business is an independent...’,
'TnatHukamu nogatky €: 212.1.1. Ocoba, nocTinHe npeacTaBHULUTBO...,
'(1) The Federal Central Tax Office assigns every taxpayer...",
'(2) For the purposes of this subsection...",

]

embeddings = embed(sentences)
similarities = cosine_similarity(embeddings)

Finally, to evaluate the approach at scale, we used the heat map visualization from the "seaborn" Python package. We
are also excluding points below some threshold to make the visualization less cluttered:

import seaborn as sns
import matplotlib.pyplot as plt

similarities = cosine_similarity(embed(de), embed(ua))
df = pd.DataFrame(similarities).round(2)

significant = df[corr>=.30]
plt.figure(figsize=(12,8))
sns.heatmap(significant, cmap="Greens")

1.3. Data analysis. After performing analysis and applying the visualization to a subset of the articles we've seen a
visualization shown on Fig. 2. This result has immediately raised our concerns.

On the visualization we see recognizable horizontal and vertical lines — a clear indication that some articles of one fiscal
code correlate with many articles from other fiscal code and vice versa. It is a clear indication that the model picked up some
trivial textual similarities, but not the similarities in meanings.

After reviewing the data again, we realized that our versions of Ukrainian and German fiscal codes also included
references and dates of the changes of the codes and by removing them we've seen some improvement shown on Fig. 3.
Nevertheless, the pattern of horizontal and vertical lines was still there and we continued analyzing our data.

We were including the name of the article in the text of the article, but because every name of the Ukrainian article included
"CratTa" as a part of the name — that could impact the result too. In the end, we decided to remove the article names from
the article text, because even if they correlate in different fiscal codes, we're interested in the text of the articles itself, because
we want to assess not only the structure but also the meaning of the fiscal codes.

The pattern was still there, so we decided to also remove all the references to other articles of the fiscal codes because
they were represented as numbers and were also influencing the similarity score.

Finally, after running our analysis and visualization again, we've seen improvements on the subset data, but when we
applied everything to the whole data set we've seen a picture shown on the Fig. 4. There was a clear vertical line on the chart,
but after manual review we didn't find the correlation the chart showed us.

So we decided to make a more radical move and used machine translation to bring both fiscal codes to the same language.
We used Google Translate API for the translation, it supports Ukrainian and works relatively well. We had to write a script to
split articles into the segments to fit Google API limitation on the request length, but other than that we didn't experience
problems with the API. Because Google charges money for the API access, we translated the initial, non-cleaned version of
the Ukrainian fiscal code so that we're able to repeat any post processing without calling the Google Translation API again.
But the tests showed that our initial cleanup made sense for the translated text as well, so we repeated it in full for the
translated version.
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Fig. 3. Cosine similarity on the subset of data after removing references to changes
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Fig. 4. A clear line pattern after cleaning up titles and references to other articles

2. Results. Finally, after applying the translation to English, increasing the correlation threshold
significant = df[corr>=.70]

and repeating the analysis and visualization, we've seen the picture without line patterns as shown on Fig.5.
To manually asses the results, we're dropping rows and columns that have correlation below our threshold

table = significant.dropna(how="all').dropna(axis='columns', how="all").fillna(")

and as shown in Table 1. we can see a clear relation of articles, for example, "Local taxes include ..." of the Ukrainian fiscal
code correspond very well to the German "Non-personal taxes Local jurisdiction ..." article.

Table 1
Correlation table between articles of the Ukrainian and German fiscal codes
owhen lo=l 1 The 31 a3stex J0TNE a2
setting . Verkhovna 27 The unitof Absolute relief - y Fulfillment
include:\n e < the
the tax, \n Radaof n (sp ic) provided SaxnaUas of the tax
the Ukraine of the tax... is the tax by the pay obligation
followin property esta rat tax a o
o s caleull
1 - Taxes,
ancillary tax 0.72
payments\n “T...
16 — Taxes on
income in the
case of c...
18 — Non-
personal taxes\n 0.7 0.7 0.7
Local jurisdi...
28 - Taxpayer\n
“Taxpayer” shall 0.73
mean a...
30 - Claims
arising from the 0.71
tax debto...

36 — Tax debtor,
creditor of a tax
reb...
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0 This Code shall apply to all taxes,...

10 “Economic activity” shall mean an i
20 Local jurisdiction over import and ...
30 Claims arising from the tax debtor-...
40 Claims arising from the tax debtor-...
50 Tax-privileged status shall not be ...
60 A hospital covered by the Hospital ...
70 Whoever is legally obliged to pay a...
80 The transmission of electronic doc
90 The participants and other persons
100 Other persons who may also refuse
110 Courts and the authorities of the F...

N oo O 0.80

(=
o

120 An infringement of the regulations ...
130 A natural person may not receive mo...
140 For individual cases or for certain...

150 The accounts and records of the tax
160 A self-assessed tax return is equa

170 Notwithstanding the provisions of
180 Where the full volume of a base amo... -
190 The taxpayer shall be obliged to co... -
200 The movement of goods over the bord... -
210 Unless otherwise stipulated, a pers... -
220 The limitation period shall begin u... -
230 The interest shall be one half perc... -

240 Collateral shall be supplemented, o... -
250 Insofar as enforcement proves inequ... -
260 Where persons are joint and several... -
270 Once enforcement has commenced, a u... -

E
O
O

olalg
O

o

~N

o

-0.74

280 An act of enforcement may be conduc...
290 In the case of an on-site auction (...

300 Where a monetary claim is to be att...
310 Where a receivable is attached by m...
320 Where the obligation to perform an ...
330 A confiscation fee shall be charged...
340 The submission of an objection may ...
350 The participants shall, insofar as

360 Whoever imports, exports or transp
370 An administrative offence shall be ... -

-0.72

380 The rights and obligations of the t... -
390 The Customs Investigation Offices a... - 0.70
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Fig. 5. No line patterns, only individual dots after translating both fiscal codes to English

Collecting all the steps we can summarize our method as following:

1. Analyze document formats and structures. Select appropriate method to convert it to data frames — for example, html
and pdf processing

2. Decide what is considered a unit in every document — single article of the tax code in our case

3. Choose embeddings and metric, test it on samples from both documents — for example, Universal Sentence
Embeddings with cosine metric

4. Analyze and visualize correlations, cleanup, iterate. Our research showed some unexpected correlations, which we
were able to explain and eliminate with the further cleanup of our data

5. Finally, prepare the correlation table which shows us the similarities between the documents

While the proposed approach allows us to find the relation between the most similar articles of the two documents in the
straightforward way, it can also be extended to highlight the most distant parts of the documents suggesting places where
two fiscal codes differ a lot.

Discussion and conclusions

During our research, we were convinced once again of the importance of the well cleaned and prepared data (Lakhno et
al., 2022; Savchenko et al., 2024; Boyko, 2021; Black, Kueper, & Williamson, 2023) — we had to parse different formats of
data, replace irrelevant references, article numbers and other non-textual information. While we share our approach to data
cleanup and normalization in the Data Cleanup section of this article, it might become less relevant for other types of
documents and might limit the ability to replicate our results without the adaptation of the cleanup techniques.

We have also met the limitations of the available Multilingual Universal Sentence Embeddings model. While the model
doesn't officially list Ukrainian support, our initial tests gave us a lot of hope that it will work without the translation. At the
same time, the usage of translation opens access to a big variety of models and embeddings to evaluate similarity.

Ability to self-test and visualize an intermediate result was an important part of the research, because it allowed to iterate
ideas, ensure the data cleanup was performed well, and the limitations of the selected model were addressed by introduction
of the translation step.

As a result, we have offered a method of legislative documents analysis applied to the Ukrainian Fiscal Code. In the
research we analyzed similarities with the German fiscal code, offering a detailed step-by-step replication guide to apply this
method to the fiscal codes of other EU member states or other countries.

The analysis allows us to identify the positive aspects and shortcomings of the Fiscal Code of Ukraine and to develop
expert recommendations for bringing the Code in line with European standards.

The continuation of the research initiated in this paper is the development of algorithms for standardizing or bringing to a
common denominator the regulatory framework of the European Union, which is quite relevant given the processes of
European integration and globalization that are currently being actively developed and implemented.
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MpuBaTHWI BUWMI HaBYaNbLHUN 3aKknag "€Bponeiicbkuii yHiBepcuTeT"”, Knis, YkpaiHa
2KuiBCbKMiA HauioHanbLHUI yHiBepcuTeT imeHi Tapaca LUesueHka, Kuie, YkpaiHa

MOZENI rMUBOKOro HABYAHHSA ANnA PO3B'A3AHHA 3A0AYI NOPIBHAHHA
HECTPYKTYPOBAHOI TEKCTOBOI IHOOPMALIII

lMpucesiyueHo 3acmocyeaHHIO cy4YyacHUx Memodie 2/71u60K020 Hae4aHHSI, makKux sIK yHieepcasibHi 6a2zamoMoeHi 8eKmopHi npedcmaessieHHs!
peyveHb, Onsi aHanilzy ma rnopieHsIHHSI CXOXocmi 3micmy HecmpyKmypoeaHux mekcmoeux OoKymeHmie. Po3po6rieHo anzopumm eu3Ha4yeHHs
nodi6Hocmi 6azamomMoeHUX mekcmie 3a AoNoMo20i0 2/1UGOKUX HelpOHHUX Mepex. Aemopamu 3anporioHoeaHo 6e3cynepeisiliHuli memod ons
weudKo20 aHasnizy ma nopieHsIHHs cknadHUXx doKyMeHmie nodi6Hoi meMamuku, HanucaHux y pi3HUX KpaiHax ma pis3Humu moeamu. [pedcmaeneHa
memodooziss nepedbayae nonepedHe ob6pobrieHHs1 GoKyMeHmie, iXHe nepeghopMamyeaHHs1 Onsi MNopieHsIHHSI ma 3acmocyeaHHsi Memodie
2/1u60K020 Has4YaHHS OJIs1 8USIBIIEHHST IMEKCMOBO0I CX0Xocmi. Arleopumm gidnpaybo8aHo Ha npuknadi 30ilicHeHHS1 MOPi8HSINIbLHO20 aHali3y cxoxocmi
3a 3micmom mekcmie lNodamkoeozo kodekcy YKpaiHu 3 HiMeybKuM ¢pickanbHUM KoOeKkcoM. YKpaiHcbkul ¢hickanbHuli k00, nodaHuli y gpopmami
HTML, 6yno o6po6neHo 3a donomozoro 6i6niomeku aHanisy HTML Aokymenmie i pe2ynsipHux eupasie, moodi sik HiMeybKuli ¢pickanbHuUli ko0 y
¢popmami PDF nompe6yeae crneyianbHO20 aHasi3y HecmpykmypoeaHo20 3Micmy. Y npoyeci docidxeHHs1 Ons nideuuwjeHHs1 moYyHocmi U nodonaHHs
susiesiIeHUX ObMeXeHb yHigepcasibHUX 6a2amoMOBHUX 6EeKMOPHUX npedcmaesieHHb YKpaiHCcbKuli OoKymeHm 6yrio nepeksiadeHo aHanilicbKoro
moeoro 3a donomozoro Google Translate API. Po3e'sizaHHsi nocmaeneHoi 3adayi nompebye 2rnu6oko20 nonepedHb020 06pobrieHHs1 0aHUX, wio 6yno
3dilicHeHo y npornoHosaHoMy OdocidxeHHi. HasedeHo makox nokpokosull aneopumm npedcmassieHoi memodosozii, wo npusodums 4o
ghopmyeaHHs1 KopensiyiliHoi mabnuyi, 3a IKOK 8U3Ha4YaeMmMbCs CXOXiCMb MiX MOOIGHUMU Pi3HOMOBHUMU mekcmosumu dokymenmamu. Kpim mozo,
asmopu GONoeHIOMbL KOXEH KPOK C8OiMU MipKyeaHHSIMU MPO me, sIK iHmeprnpemyeamu NPOMDKHI pe3ynbmamu ma po3ymimu, 4Yu eapmo
Kopuzcyeamu memod eidnoeidHo 0o nompe6 ab6o npo6rieM KOHKPemHux OOKyMeHmie, sIK-om 3acmocyeaHHsl MawuHHO20 rfepeknady 4Hu
po3wupeHo20 nonepedHbL020 06PO6ITIeHHS.

Aemopamu 3anpornoHoeaHo anzopumm Osisi 3acmocyeaHHs1 3a3Ha4yeHo20 Memody 0o ¢hickanbHUX Kodekcie kpaiH — 4YneHie €eponelicbko2o
Coro3y abo iHwux kpaiH. Y docnidxeHHi eusieneHi U onucaHi o6MexeHHs1 Yb0o20 Midxody, a MaKoX rnPodeMOHCMPOBaHO NMPoeedeHHs nepeesipku
npomixHux pesynbmamie ma 30ilicHeHo dornoeHeHHsI Memody dodamKoguUMU MOX/IUBOCMSIMU 3adns nidsuuweHHs io2o Hadilinocmi. Kpim ybozo,
HadaHO pekoMeHOauii w000 Moxnueocmell 3acmocyeaHHsI 3arporoHoeaHoi Memodosiozii, 30KkpemMa po3pobrieHHs1 anzopummie Ons
cmandapmus3ayii neeHux dokyMeHmie kpaiH €eponelicbko20 Coro3y.

KnwuyoBi cnoBa: anuboke Has4YaHHsl, yHieepcanbHi eéeKmMopHi npedcmaesieHHs1 pevyeHb, ¢hiHaHcoei OoKymeHmu, gpickanbHuli KoO,
peaynspHi eupasu.

ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AoChimKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HanUCcaHHi pyKonucy; B pilleHHi Npo nybrnikavito pe3ynbTaris.
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