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|zanga

Konferencija , Lietuvos magistranty informatikos ir IT tyrimai” - tai jau penk-
tg kartg vykstantis renginys, skirtas pristatyti naujausius studenty pasieki-
mus informatikos ir IT srityse. Sio renginio tikslas - ugdyti studenty moks-
liniy darby rengimo bei rezultaty pristatymo jgtdzius, supazindinti su kity
studenty atliekamais tyrimais, paskatinti studentus dometis moksline veik-
la. Renginys subdré studentus iS keliy Lietuvos universitety. Konferencijoje
savo praneSimus skaité studentai iS Vytauto DidZiojo universiteto, Vilniaus
Gedimino technikos universiteto ir Vilniaus universiteto. Konferencijoje ap-
tariamos jvairiausios temos, nuo programy sistemy kdrimo iki dirbtinio in-
telekto, ir tai suteikia puikig galimybe dalyviams pagilinti savo Zinias, keistis
idéjomis bei uzmegzti vertingus profesinius rysius.

Konferencijg organizuoja Lietuvos moksly akademija (LMA) kartu su Vil-
niaus universitetu. LMA - tai jstaiga, jungianti Zymiausius Lietuvos ir savo
veikla su Lietuva susijusius mokslininkus. Ji yra nepriklausoma Lietuvos Res-
publikos Seimo, Vyriausybeés ir jai pavaldziy institucijy eksperté ir patareja
mokslo bei studijy, kultdros, socialinés raidos, Okio, gamtosaugos, sveikatos
apsaugos, technologijy bei kitais klausimais. LMA jgyvendina 3alies moks-
lui ir eksperimentinei plétrai reikSmingus ES struktariniy fondy projektus,
rengia Salies bei tarptautines mokslines konferencijas, uzsienio mokslinin-
ky seminarus, mokslininky susitikimus, akademinius skaitymus, parodas.
Tikime, kad dalyvavimas Sioje LMA kuruojamoje konferencijoje paskatins
magistrantus ir kitus studentus testi moksline veiklg ir pabaigus studijas.

Konferencijos darbuose publikuoti recenzuoti studenty parengti moks-
liniai straipsniai. Tai dazniausiai pirmosios mokslinés publikacijos, bet ti-
kimes, kad ateityje virs j straipsnius prestiziniuose mokslo Zurnaluose. To
norétume palinkéti konferencijos dalyviams.
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Method for Determining the Level

of Centralization in BTC Lightning Nodes:
A Centrality Analysis of the Lightning
Network

Laura Atmanaviciité, Tomas Vanagas, Saulius Masteika

Vilnius University, Kaunas Faculty, Institute of Social Sciences
and Applied Informatics

Muitinés str. 8, LT-44280 Kaunas, Lithuania
laura.atmanaviciute@knf.vu.lt, tomas.vanagas@knf.vu.lt,
saulius.masteika@knf.vu.lt

Abstract. This study explores the Bitcoin Lightning Network (BLN), a Layer 2
solution for faster and cheaper transactions. Concerns about centralization have
emerged due to the increasing concentration of power among specific nodes,
named “hubs.” Statistical measures like the Gini coefficient reveal a trend towards
centralization, challenging the LN's decentralized nature. Consequently, further
research is necessary to address this issue and ensure the integrity of the LN
architecture. This paper aims to establish a method for determining the level of
centralization within the BLN by applying centrality analysis techniques. Study
revealed that over the six-year period Gini coefficient increased from 0.87 to
0.955, indicating significant inequality and apparent centralization of BLN nodes.

Keywords: Bitcoin, Lightning Network, Centralization, Data processing

1 Introduction

The Bitcoin Lightning Network (BLN) is a promising Layer 2 solution built
on Bitcoin (BTC) that aims to make transactions faster and cheaper. When
it was first introduced, LN fees were expected to be much lower than
standard BTC transactions [1]. It was meant to be a way for users to send
money to each other directly, without loading the transaction data to the
whole BTC network [2]. Two users can agree to establish a direct channel by
creating a multi-signed transaction on the blockchain [3]. When the channel
is closed, only the final balance needs to be settled on-chain as a single
transaction. Consequently, the system becomes capable of accommodating
a significantly greater volume of payments [4].

Copyright © Laura Atmanaviciaté, Tomas Vanagas, Saulius Masteika, 2024. Published by Vilnius University Press. This is
an Open Access article distributed under the terms of the Creative Commons Attribution License (CC BY), which permits
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However, a potential centralization issue has emerged. There is no
robust answer as to whether the current distribution within the LN indicates
a trend towards centralization, with a select few nodes maintaining a
disproportionate share of the network’s total channel capacity [5]. Can
powerful, well-funded nodes, acting as hubs with extensive payment
channels that process a large volume of transactions, gain undue influence?
This dominance by a few hubs might lead to a more centralized system,
contradicting the decentralized nature of BTC itself [6]. Based on this, the
following hypothesis is proposed:

Hypothesis. An unequal distribution of channels among nodes within
the BLN may be a contributing factor to a decrease in the network’s overall
decentralization.

To address the question of centralization, it's important to delve into
the methods and ways, using specific coefficients, to measure the level of
centralization. The challenge here is significant, as the data must first be
extracted from the blockchain, categorized, and linked to obtain variables
that can be appropriately integrated into methodology.

The aim of this study is to establish a method for determining the level
of centralization within the BLN by applying centrality analysis techniques.
Critical tasks towards achieving this goal include:

+ Developing a comprehensive method for calculating centralization.

+ Extracting, gathering, linking, and storing data from the BTC blockchain

Layer 1 (L1) and Layer 2 (L2).

+ Conducting experimental calculations and providing visual repre-

sentation of the results.

This paper proposes a method for determining the centralization level
of BLN nodes. It combines Gini coefficient to quantify the centralization and
the Lorenz curve to visually present the results. The structure of the paper
is as follows: The first part of the paper introduces the topic, outlining the
research focus. The second part delves into the background of the method,
analysing centrality aspects and coefficients relevant to assessing the BLN's
centralization level. The third part consists of detailed explanation of data
extraction and linking, including a proposed data retrieval and storage
scheme. The fourth section presents the experimental setup and its results
of the experiment. Finally, the last section presents the conclusions of the
study.
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2 Background of the method

To objectively assess centralization within the LN, it's important to explore
different aspects of centrality. There are five main aspects that can be
considered when assessing the level of centralization of the BLN - degree,
weighted degree, betweenness, eigenvector and closeness centrality.
Degree centrality evaluates the number of channels a node has with other
nodes - it identifies highly connected nodes but not the significance of those
connections [2]. This limitation can be addressed by considering weighted
degree centrality, which incorporates channel capacity into calculations [7].
Eigenvector centrality is variant of degree centrality and measures a node’s
influence in the network based. In simpler terms, degree centrality counts
nodes and eigenvector centrality measures the influence of a node [8].
Meanwhile, closeness and betweenness centrality consider the distance
between nodes when trying to find the shortest connection between them
[7]. Closeness centrality is used for calculating how close a node is to all
other nodes in the network [2]. It helps understand the efficiency of network,
but it might not directly address the concern of the centralization if all nodes
have similar closeness. Another approach is betweenness centrality, which
measures how frequently a node is on the shortest path connecting other
nodes - in the context of the LN, it indicates a node's significance for routing
payment [9, 10]. For this paper, specifically weighted degree centrality aspect
is employed, because it counts not only the number of channels a node has,
but also considers the capacity of each connection.

After choosing to assess BLN centralization through weighted degree
centrality aspect, it is important to delve into coefficients which can be
employed to quantify this centrality measure. One of the most common
coefficients is Gini coefficient, which measures the inequality of channel
distribution within the LN. Higher Gini coefficient suggests a greater centra-
lization - it is known as a strong indicator of overall network centralization,
especially if utilized with other measures [2, 11]. Another well-known
coefficient is Herfindahl-Hirschman index (HHI), which can also be used as
a method when determining network’s centralization. HHI is a traditional
metric used to assess market's concentration and is often used to measure
market efficiency [12].

Gini coefficient is more insightful than the HHI as it directly measures
inequality in capacity distribution and shows how influential few nodes in the
network might be. Meanwhile, HHI is less sensitive to imbalances, which is one
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of the main issues of network centralization. Additionally, the Gini coefficient
acts like a score between 0 and 1, where 0O signifies everyone having an equal
share of the resource and 1 represents a scenario where one individual has
everything [2, 9], which makes this measure easy to interpret, while HHI
doesn't have a straightforward interpretation. A lower Gini coefficient points
towards a network with a more balanced distribution (decentralized), while a
higher value suggests an uneven spread (centralized) of the resource being
analysed. It can be measured using the following formula:

_ it Z?:l |2x; — x5

G 2N?x

Nis used to represent a total number of nodes, x; and X; represent capacity
of nodes and X is an average capacity across all nodes.

The Gini coefficient represents the difference between the line
representing perfect equality and the actual distribution depicted by the
Lorenz curve. It's calculated by subtracting the area below the Lorenz curve
from the area below the line of perfect equality, and then dividing this result
by the total area under the line of perfect equality [10]. The Lorenz curve
visually illustrates how channels are distributed among nodes based on the
size of their channel capacity. It compares this distribution to a perfectly
equal scenario represented by a line at a 45-degree angle, known as the line
of equality. The area between this line and the Lorenz curve is utilized to
calculate the Gini index [13]. The analysis of the Gini coefficient and Lorenz
curve for channel capacity distribution is leveraged to determine the level of
centralization of BTC lightning nodes.

Existing research [2, 6, 9, 10, 11] utilizes the Gini coefficient revealing a
growing trend of uneven distribution of channel capacity within the LN. While
these studies provide valuable insights, there still are some limitations - such
as detailed descriptions of data processing, which limits replication of study.
This paper addresses these gaps by proposing a data collection and linking
scheme, along with different timestamps than compared to related research.

3 Data processing for proposed method

To research the centralization level of the BLN, data is gathered from 3
primary sources - LN Research [14], Bitcoin Core [15] and Electrum Node
[16]. LN Research investigates the LN data, while Bitcoin Core validates
transactions and confirms blocks. Electrum Nodes act as intermediaries -
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they don't store entire blockchain and are relevant for this paper to collect
spending transaction information. Data retrieval and storage is presented
in Figure 1.

. . Bitcoin RPC e ti————
[@ DATABASE TABLE: @ DATA SOURCE: Connection @ DATA SOURCE:
| u _20230924_Channel \__ Blockehain (Bitcoin Core) | | Blockehain (Electrum Node)

ShortChannellD Funding transaction Spending transaction
information information

( M OPERATION

Retrieve and store

—
M ‘OPERATION:

Retrieve and store transaction information

that funded payment channel into database that spent payment channel into database
table Blockchain Transactions table Transactions

. S A J

Funding transaction
script hash

Block height Block height

]
E ‘OPERATION:

Retrieve and store block information
in which the transaction is mined into
database table Blockchain Blocks

Figure 1. Data retrieval and storage

First, L2 data from LN Research is gathered. This research provides data
of LN transactions by exchanging information through gossip protocol. For
this study, relevant are ‘Channel Announcement’ messages. They provide
information about the creation of a new payment channel in the LN - such
as unique identifier (ID) of the channel ('ShortChannellD’), and nodes, which
participates in this channel IDs.

While LN Research provides all relevant information about LN
transactions, it lacks data about the L1 in which these transactions take part.
To collect relevant data from L1, operating system ‘MyNodeBTC' is utilized
which has Bitcoin Core and Electrum Server installed. It helps to synchronize
a Bitcoin’s full node and an Electrum node for the transaction indexing. The
BTC blockchain keeps a transaction dataset, which includes all transactions
that have transpired on the BTC network. This database records all critical
data of each transaction, including timestamps - the precise date and time
at which BTC was locked within a transaction, transaction amounts - the
quantity of BTC that was locked, and channel status - an indicator which
indicated whether the transaction was utilized for opening a LN channel
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(spent) or is still unused (unspent). Transactions which were identified as
spent, were further investigated by assigning the specific block height within
the blockchain, where the spending transaction has occurred.

Bitcoin Core software was configured to index all transactions in the
blockchain by enabling ‘txindex’ flag in the configuration, while Electrum
Server has various indexes to support Electrum Light Wallets, including
transaction script hash index. Using Bitcoin Core and Electrum Server
node it is possible to efficiently retrieve BLN payment channel funding and
spending transaction data from the blockchain without fully scanning entire
blockchain, as Electrum Server can leverage its prebuilt indexes.

3.1. Data linking

The datais linked by connecting data collected by LN Research to the relevant
blockchain transactions which opened the channels. Blockchain data
retrieval process starts by iterating through every ‘Channel Announcement’
message in the LN research dataset and retrieving transaction which
opened BLN payment channel from Bitcoin Core node. The link is facilitated
by the ‘ShortChannellD’, which consists of the block height, the transaction
index within the block, and the transaction output index.

Bitcoin Core’s node is requested to return transaction based on block
height, transaction index in the block and transaction output index in the
transaction (‘ShortChannellD’) and inserting returned data to the database
table ‘Blockchain_Transactions'. After inserting the channel funding
transaction details, it is required to find when transaction outputin question
was spent. For this part of the process, Electrum Server Node can return this
data by using RPC's ‘blockchain.scripthash.get_history’ function.

At the end of the blockchain data retrieval process there should be same
number of records in both ‘LNResearch_20230924_ChannelAnnouncement’
and ‘Blockchain_Transactions' database tables. This verifies that data from
both sources has been successfully linked.

Afterthetransaction details have beenretrieved, itis necessarytoretrieve
data about the block in which the transaction has occurred. Information
about the blockchain block contains a timestamp which shows when the
transactions in question have been mined. Data about the blockchain
blocks are stored in a different database table ‘Blockchain_Blocks'.

The full dataset of both L1 and L2 allows researchers to have a full picture
of the BLN by joining database tables together and filtering the dataset to
any moment of time of BLN existence and applying calculations.
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4 Experimental setup and results

To capture the changes of the LN, six data snapshots were selected for the
experiment, taken on June 15t of each year, starting from 2018 - the year
when LN was presented - and ending with 2023. This approach not only
allows tracking changes and identifying trends in the LN structure over
time, but it also addresses the challenge of the LN's rapidly evolving data.
The experiment analyses the distribution of channel capacity across the
BLN nodes. The experiment utilizes a dataset containing 495,755 channel
announcement records. A node is considered existing if it has at least one
channel open during that timeframe.

The results reveal a concerning trend towards centralization. Figure 2
presents Lorenz curves for the BLN nodes on weighted degree centrality
aspect captured at six specific timestamps. It was created by retrieving
data from the intermediate database table at specific moments of time.
After this, all the nodes were sorted in ascending order based on the BTC
amount and then cumulative percentages of the whole network were
calculated in 1% granularity to calculate Lorenz curve. Figure 2 shows that
over the time Lorenz curve is progressively moving further away from the
perfect equality line across the six timestamps, which means that inequality
between BLN nodes is increasing. This trend also aligns with the results of
calculated Gini coefficient, which increased from 0.87 in 2018 to 0.955 in
2023, with an average of 0.926. This indicates a great inequality, suggesting
a concentration of channel capacity among specific groups of nodes.

Furthermore, Figure 3 visually represents the results of Gini coefficients
of weighted degree centrality for the BLN nodes and reinforces the
observation. In the two years of LN, inequality for BLN nodes increased
significantly. Starting with 0.87 Gini coefficient at the start of LN and reaching
0.936 in 2020, there is a huge decrease in network’s decentralization.

The experimental results proves that the BLN is exhibiting tendencies
towards the centralization, especially in channel capacity distribution.
The research confirms the initial hypothesis - the Gini coefficient rose
significantly over time and indicated unequal distribution of channel
capacity among nodes. This distribution, which also was visualized by Lorenz
curves deviating further from perfect equality, aligns with the hypothesis
that uneven channel distribution is a contributing factor to a decrease in the
network’s overall decentralization.
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Figure 2. Lorenz curves of weighted degree cen-  Figure 3. Gini coefficient of weight-
trality for Bitcoin Lightning Network nodes ed degree centrality for Bitcoin
Lightning Network nodes

5 Conclusions

This study established a method for assessing the level of centralization in
BTC lightning nodes using the Gini coefficient and Lorenz curve. Building
upon prior research that identified a concerning trend of uneven channel
capacity distribution, this paper expands that research with a detailed data
collection and linking scheme, along with a different range of timestamps. Gini
coefficient was proposed as a reliable method because it measures inequality
and shows how influential nodes in the network can be. Along with the Gini
coefficient, the Lorenz curve depicted channel capacity distribution. This
combined approach enabled comprehensive analysis and trend identification.

Data from both the BTC blockchain L1 and L2 was extracted, gathered,
linked, and stored successfully by connecting LN Research data and queries
to Bitcoin Core and Electrum Server nodes. This dataset ensured a complete
picture of the BLN for further calculations assessing the centralization of the
network.

The experimental calculations, using the Gini coefficient and Lorenz
curves for the six timestamps, confirmed the initial hypothesis. The research
revealed an increase in the Gini coefficient - from 0.87 in 2018 to 0.955 in
2023, signifying a growing inequality in channel capacity distribution among
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nodes. This trend is also highlighted by Lorenz curves, which is progressively
moving further away from perfect equality. The results of the experiments
suggest a concerning shift towards centralization within the BLN - especially
regarding channel capacity distribution among nodes.
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Machine Learning Approaches
in Atrial Fibrillation Detection

Deividas Butkus, Jolita Bernataviciené
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Abstract. Atrial fibrillation (AF) characterized by rapid and irregular electrical
activity in the atria represents a prevalent form of cardiac arrhythmia that signifi-
cantly challenges healthcare systems due to its links to heightened mortality and
morbidity rates. Early detection of AF is critical for accurate and effective mana-
gement and treatment. In response to this pressing need, numerous researchers
have used machine learning (ML) to enhance the precision and efficiency of AF de-
tection. By analyzing available datasets, signal lengths, preprocessing techniques,
and a diverse array of ML approaches, this paper aims to cover methodologies of
AF detection using electrocardiogram (ECG) data and ML.

Keywords: atrial fibrillation, machine learning, ECG, artificial intelligence, deep
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1 Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia seen in clinical
settings leading to serious health problems such as stroke, heart failure,
and increased mortality rates. The electrocardiogram (ECG) provides a
graphical representation of the heart's electrical activity over time and is the
standard diagnostic tool for detecting AF. The normal electrocardiogram in
sinus rhythm depicted in Figure 1 comprises a P wave, a QRS complex, and
a T wave. The QRS complex is often, but not always, three separate waves:
the Q wave, the R wave, and the S wave. When AF is present, ECG usually
comprises the absence of a P wave (while the QRS complex and T waves
remain present), and an irregular pattern of R-waves.

The diagnosis of AF based on ECG signals requires the expertise of a
trained specialist, typically a doctor, making it a time and resource-intensive
process. The need for human interpretation poses challenges, including
potential delays in diagnosis and limitations in scalability. Given these
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challenges and the evolving landscape of healthcare technology, there is an
increasing recognition of the potential role of machine learning algorithms
in AF detection. Understanding nuances of the development of machine
learning (ML) algorithms capable of identifying AF from ECG data with high
accuracy is crucial for the advancement of automated diagnostic tools. This
paper explores various machine learning approaches applied to ECG data
for the detection of AF, aiming to systematically present advancements in
AF detection in the ML field. Through an examination of different metho-
dologies, from data preprocessing to model selection, this analysis seeks to
review the most common strategies for this vital diagnostic task.

2 Literature review

2.1 Databases

Many recent publications in the field of ML for AF detection use public datasets
provided by PhysioNet [2], a data repository for biomedical research. Based
on the research by [3], the MIT-BIH Atrial Fibrillation Database (AFDB) [4] and
the Computing in Cardiology (CinC) Challenge 2017 Database [5] are the two
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most popular databases for AF detection, used in around 50 studies out of
147 reviewed, and both provided by PhysioNet. The AFDB database consists
of 25 long-term ECG recordings of human subjects with AF, while the CinC
Challenge 2017 contains a training set with 8528 single lead ECG recordings
(normal (5076), AF (758), other (2415), and noisy (279)) lasting 9-60 s and a
test set with 3658 ECG recordings of similar lengths that have been retained
as a hidden test set. This training dataset is unbalanced and skewed towards
the normal sinus rhythm class. Other databases, such as MIT-BIH Arrhythmia
(MITDB) [6], and MIT-BIH Normal Sinus Rhythm (NSRDB) [7] are also often
used. Based on the recent review of ML in AF detection, 10 out of 14 papers
reviewed also used the AFDB Database, showing the continued relevance and
popularity of this database in the field [8].

2.2 Signal length

The determination of an ECG signal length for the detection of AF using ML
can depend on several factors, such as the objectives of the study, and the
practical considerations of the machine learning algorithm. The authors of
[9]tested various signal lengths for paroxysmal atrial fibrillation classification
and got the best results with a 4 s window using the Second-Order System
(SOS) algorithm. Another study by [10] employed both 2 s and 5 s windows
using Convolutional Neural Network (CNN) and found that the 2 s segments
achieved a higher specificity while 5 s segments showed a slightly better
overall accuracy and sensitivity. However, study by [11] also used CNN and
varying windows of 9-60 seconds and concluded that it was difficult to
distinguish AF from other rhythms on small signal segments. Longer signal
of 31 heartbeats was also backed up by [12] where the combination of CNN
and Recurrent-Neural Networks (RNN) achieved specificity and sensitivity
of 98.96% and 86.04% on unseen data. This variation in segment window
and ML methods underscores the absence of a universal standard in the
selection process. Optimal signal duration should satisfy the prerequisites
of machine learning algorithms while simultaneously capture the dynamic
nature of AF to facilitate precise classification.

2.3 ECG preprossessing techniques and features extraction

Morphological characteristics of the ECG are often derived and widely
used in ML-based AF detection. One part of them is called time-domain
transformations and includes RR interval, Heart Rate Variability (HRV), and
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P-wave. Another group of transformations work on the frequency domain
to detect high vs. low-frequency segments of the ECG and requires the use
of Fourier Transform (FT) or Wavelet Transform (WT). These two domains,
separately or together, are used widely in the research [13], [14, 15], [16].
In recent years, models such as CNN and RNN have been employed that
directly process raw ECG signals, simplifying the detection process by
eliminating the need for complex preprocessing steps [17], [18], [19]. This
shift from complex preprocessing techniques to methods requiring minimal
or no ECG preparation highlights an increasing trend in developing more
efficient and accurate machine learning-based approaches for AF detection.

2.4 Machine learning algorithms

Machine learning algorithms for AF detection have demonstrated sig-
nificant diversity and innovation, integrating traditional machine learning
approaches with sophisticated deep learning models to enhance diagnostic
accuracy. Deep learning methods, particularly CNN and Long Short-Term
Memory (LSTM) networks, have shown to surpass traditional classifiers
like Multilayer Perceptrons (MLP) and logistic regression in effectively
processing ECG signals for AF detection, indicating a shift towards more
complex models for better performance [20].

Further advancements include the use of CNNs in both single-channel
and innovative two-channel models. A two-channel CNN model, for
instance, uses one channel to identify where to look for the detection of AF
in the ECG, while the other performs the actual detection [19]. Additionally,
CNNs have been employed directly on raw ECG waveforms, bypassing
traditional feature extraction processes [21], and in combination with RNN
for extracting high-level features from RR intervals [12]. The study by [17]
combined CNN and bagged tree ensemble to classify a filtered ECG signal -
if the confidence of the classifier reaches a certain threshold, CNN is used,
otherwise 43 PQRS features are used in a bagged tree ensemble.

Ensemble models and decision trees have also been instrumental in
AF detection, utilizing a combination of expert features, signal processing
methods, and learned features. These models benefit from the ensemble
strategy by integrating multiple classifiers to improve prediction outcomes,
evidenced by the use of bagged tree ensembles, gradient-boosted tree, and
random forest classifiers based on hand-crafted and selected features for
reliable AF detection [22], [23], [24].
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Recent developments in the field have introduced innovative methods
to enhance the detection and classification of AF. One such method utilizes
a deep residualdense network based on a bidirectional recurrent neural
network (Bi-RNN). This approach combines one-dimensional dense residual
networks with Bi-RNNs and attention mechanisms to enable end-to-end
feature learning from ECG signals, simplifying labour-intensive feature ex-
traction steps [25]. Another approach merges the strengths of multilayer
CNNs and RNNs with LSTM capabilities into a singular classifier. First, the
multilayer CNN is utilized for extracting high-level features from the raw
input sequence and then the RNN structure known as LSTM is used for pro-
cessing the sequential features extracted by CNN. Lastly, the logistic classi-
fier provides the posterior probability of the input sequence containing AF
with notable sensitivity, specificity, and accuracy rates [26].

In conclusion, the automated AF detection landscape shows significant
variation across ML algorithms without a single best method for AF detec-
tion. This diversity is highlighted in Table 1, which collates and compares
different databases, signal lengths, preprocessing techniques, and machine
learning algorithms with their corresponding performance metrics.

2.5 Evaluation metrics

The evaluation of ML algorithms in the context of AF detection is crucial
to ensure their reliability and effectiveness in clinical applications. Tradi-
tional metrics for assessing the accuracy of detection methods in medicine
include sensitivity, specificity, positive predictive value, and accuracy [29],
[30]. These metrics serve to gauge:

Table 1. Summary of AF detection studies with percentage evaluation scores.

Author Dataset Signal Features MI..aIgo- Eval_. Score
length rithm | metric
Andersen |AFDB 60, 100, |Time-domain, Support [Se, Sp |96.81%,
etal (2017) and 300 |frequency-domain |Vector 96.20%
[15] beats features Machine
Zabihietal |CinC 5s Time-domain, Random |F1 84%
(2017)[24] |Challenge |segments |frequency-domain, |forest
2017 with 4s | nonlinear features,
overlap |meta-level features,
morphological
features
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Author Dataset Signal Features MI.' algo-| Eva I.' Score
length rithm |metric

Hongetal |CinC 20s Expert features, Decision |F1 85%
(2017)[22] |Challenge center-wave trees

2017 features, and DNN

features

Kamales- |CinC 9sto 61s |Raw ECG data at CNN F1 82%
waran et al |Challenge various sampling
(2018) [21] (2017 frequencies
Kropfetal |CinC Not time-domain, Gradient |F1 84%
(2018)[23] |Challenge |specified |frequency-domain, |boosted

2017 and morphological |tree

features
Plesinger |CinC 6s PQRS featuresor |Bagged |F1 82%
etal (2018) |Challenge a 9-times filtered  |tree
[171 2017 ECG signal or CNN
Andersen |AFDB 60, 100, |Time-domain, Support |Se,Sp |96.81%,
etal (2017) and 300 |frequency-domain |Vector 96.20%
[15] beats features Machine
Mousavi et |AFDB 5s Raw ECG data ECGNET |Se, Sp, |99.53%,
al (2019) Acc 99.26%,
[19] 99.40%
Laghariet |CPSC2018 |Not Residual dense Residual |Se, Sp, |93.09%,
al. (2023)  [[27] specified |CNN and RNN dense Acc 98.71%,
[25] features CNN and 97.72%
RNN

Kumar et CACHET- Interval | Multilayer CNN CNNand |Se, Sp, |96.06%,
al. (2023) |CADB[28], |of 30RR |features RNN Acc 98.29%,
[26] AFDB, 97.04%

NSRDB,

MITDB

+ Sensitivity (Se), also known as true positive rate (TPR) or recall,
measures the proportion of signals correctly classified as AF versus
the actual number of signals identified as AF.

+ Specificity (Sp) measures the proportion of negative cases that are
correctly classified as not AF versus all signals identified as not AF in

the observed set.

+ Positive Predictivity Value (PPV), also known as precision, is the
proportion of signals correctly classified as AF versus the total number
of AFin the set.
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e Accuracy (Acc) measures the overall model's performance and is
calculated as a ratio of correctly predicted observations (both AF and
non-AF) to the total observations in the proportion.

However, the performance of algorithms submitted to the CinC
Challenge 2017 was measured using the F1 score [5], a metric that provides
a balanced view of the model's proficiency in accurately classifying both
positive and negative instances. The F1 score is calculated as:

Precision x Recall

Fl1=2
x Precision + Recall

An empirical study on the performance evaluation of AF detection
highlighted the F1 score’s suitability as the premier metric for assessing AF
detection algorithms [31]. This research confirms the effectiveness of the F1
score through a comprehensive examination of various data sets, promoting
the value of the F1 score in giving a detailed understanding of how well an
algorithm can accurately detect true positives while effectively minimizing
false positives and negatives. This robust methodological approach makes
a strong case for using the F1 score to evaluate how well algorithms detect
atrial fibrillation.

3 Conclusions

This paper systematically reviewed the application of ML algorithms in the
detection of AF using ECG data. Through the examination of databases,
signal lengths, preprocessing techniques, and ML algorithms, it has been
shown that ML can significantly enhance the precision and efficiency of AF
detection. The analysis revealed a preference for certain public datasets,
such as those provided by PhysioNet, and highlighted the absence of
a universal standard for optimal signal length in AF detection, which can
vary based on the objectives of the study and the capabilities of the ML
algorithm used.

Preprocessing techniques for ECG signal analysis have evolved, with
recent trends showing a shift towards models that require minimal or
no preprocessing, like CNNs and RNNs. These advancements suggest
a move towards more direct analysis of raw ECG signals, simplifying the
detection process. Furthermore, the exploration of various ML algorithms,
including deep learning models like CNNs and LSTMs, demonstrated their
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advancement over traditional machine learning models due to their ability
to process complex patterns within ECG signals more effectively. However,
it should be also highlighted that no single best method for AF detection has
emerged due to variations in ML methodologies and datasets.

The evaluation of the algorithms using metrics such as sensitivity,
specificity, and the F1 score is important for determining their applicability
in clinical settings. The findings support the use of the F1 score as a
balanced measure of an algorithm’s ability to accurately classify AF, which
is vital for developing reliable diagnostic tools. However, even though the
studies reviewed achieved high prediction scores, the results cannot be
compared with each other because of the differences in the datasets and
methodology used. Also, most of the studies evaluated the performance of
ML algorithms using data from the same database used for training rather
than unseen, real-life data. The research does not sufficiently clarify if the
training and testing data consist of distinct patient groups. This distinction
is critical because if a long ECG signal is segmented and portions of it are
used for both training and testing, the algorithm’s performance may appear
artificially inflated, as it could learn and thus anticipate the heart’s variability
within an individual during training. It is imperative for future research to
conduct cross-database testing, address data imbalance, and ensure that
the training and testing datasets are truly independent to avoid inflated
performance results.

The variance in signal lengths and preprocessing techniques, alongside
the diverse array of machine learning algorithms, illustrates the complexity
of achieving a standardized approach. Future studies should focus on
refining ML models to improve their diagnostic accuracy on real-life data
and establish benchmarks that enable the comparison of AF detection
methods. Also, the next steps in ML for AF detection should strive for clinical
validation. The ultimate goal is to integrate these ML algorithms seamlessly
into clinical workflows, contributing to the early and precise detection of AF
and improving patient outcomes. This endeavour requires a multi-faceted
approach, combining the technical advancements in ML with rigorous clinical
testing to establish the practical efficacy of these automated systems.
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Abstract. The IOTA Extended UTXO (IOTA EUTXO) model extends the UTXO
blockchain to include features like smart contracts and non-fungible tokens. In
this work, we show that the IOTA EUTXO model maintains the base correctness
properties of the UTXO model while extending it with extra functionality. We
achieve this by specifying and verifying the essential concepts of the base UTXO
model and the extensions proposed by IOTA using the Isabelle proof assistant.
The specification is designed to be modular and extensible, meaning it can be
used as a foundation for further research of the UTXO and IOTA EUTXO models.

Keywords: |IOTA, UTXO model, EUTXO model, formal verification, Isabelle, for-
mal methods.

1 Introduction

Ablockchain is a decentralized digital ledger that records transactions in a way
that is transparent and immutable. It uses accounts and tokens to represent
digital asset ownership or rights, allowing peer-to-peer transactions without a
trusted third party. The ledger in a blockchain network is usually implemented
in one of two ways: using the Unspent Transaction Output (UTXO) model or
the Account model. In the UTXO model, used by blockchains like Bitcoin, the
ledger is represented as a set of unspent transaction outputs, referred to
as just outputs in short [1]. Transactions consume outputs from the ledger
as inputs and generate new outputs. This makes it possible to verify and
process transactions which use different outputs as inputs independently.
Subsequently, the UTXO model is known for its ability to allow parallel
transaction processing, which improves scalability [2]. In contrast, the Account
model, adopted by blockchains such as Ethereum, simplifies the ledger to a
set of account balances [3]. Transactions adjust these balances directly. While
more straightforward, this model requires transactions for the same account
to be processed sequentially, which limits scalability [4].
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In the UTXO model, digital assets (tokens), are represented using
immutable outputs. The outputs are owned by actors, who can perform
transactions, such as sending some amount of tokens to another actor.
Crucially, each transaction irreversibly consumes its input outputs,
generating new outputs to represent the transferred tokens. Every actor's
owned amount of tokens at a given time can be calculated by taking the
sum of tokens in all of the outputs owned by the actor. In the UTXO model,
the current state is a set of all of the unspent transaction outputs. In other
words, the UTXOs form a directed acyclic graph, and the current state is the
set of all of the leaves of this graph [2].

UTXO-0 5coins Address A
UTXO-2 10coins Address B
UTXO-3 6coins Address B
UTXO-4 9coins Address A

UTXO-0 Scoins Address A
UTXO-1 15 coins Address A
UTXO-2 10coins Address B

Inputs: Outputs:

State n UTXO-1 UTX0-3 State n+1
15 coins 6 coins

Address A Address B

UTXO-4
9 coins
Address A

Transaction

Figure 1. An illustration of a transaction in the UTXO model. In the UTXO model, the
current state is a set of all of the unspent outputs.

Figure 1 illustrates a transaction in the UTXO model. In State n, we
see three outputs: UTXO-0, UTXO-1, and UTXO-2, each associated with a
certain number of tokens and an owning address (Address A or Address B).
A transaction takes place where UTXO-1 is used as an input to create two
new outputs: UTXO-3 and UTXO-4, which are then owned by Address B and
Address A respectively. This transaction results in the subsequent State n+7,
which now includes the two new outputs along with the unchanged UTXO-0
and UTXO-2 from the previous state.

The UTXO model supports some basic validation rules for output
spending conditions. One of the most common conditions is the verification
of ownership by the inspection of the digital signature on the output.
However, there is a need for more programmable blockchain logic [5]. To
address this, the concept of a smart contract can be used.

In general terms, asmart contractis a protocol for verifying and enforcing
contracts on a blockchain [6]. A smart contract is stored on the distributed
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ledger, it inspects the state of the ledger, maintains and modifies its internal
state, and performs actions such as creating new transactions. Smart
contracts rely on more complex validation rules that are not supported by
the base UTXO model. Due to the complexities of implementing a smart
contract, the more straightforward account model is usually used instead
[7].

One way to introduce expressive smart contracts while maintaining
the semantic simplicity of the UTXO model is to implement the validation
logic on the outputs. Subsequently, as the UTXO model is stateless, a smart
contract's transactions would be forced to include any state information in
the outputs themselves, introducing complexity to the model [5].

IOTA is a blockchain based on the UTXO model that started out with the
aim of powering high throughput applications with low-price transactions
[8]. TIP-18" is a design document that describes extensions to the IOTA
UTXO model to add support for features such as NFTs and smart contracts.
We refer to this proposed model as IOTA Extended UTXO (IOTA EUTXO)
model.

The IOTA EUTXO model extends the traditional UTXO model. The goal
of the IOTA EUTXO is to add the functionality of smart contracts while
maintaining the base UTXO model's advantages. This is achieved by
appending additional data fields and extending the validation logic in the
outputs. Thus, the EUTXO model allows for more complex transactions and
behaviors without limiting the model’s scalability [9].

Correctness is crucial to blockchain technologies as every processed
transaction, whether correct or not, is permanent. This means that any
oversight or vulnerability in the transaction processing logic can be
impossible to revert [10]. Subsequently, the complexity of the changes
proposed in the IOTA EUTXO design document raises the question of IOTA
EUTXO model's correctness.

Formal methods are a set of techniques to accurately specify and verify
software systems [11]. By applying formal methods to the verification of
blockchain protocols and smart contracts, we can identify any incorrect
behavior of the system at an early stage [12]. In the case of IOTA EUTXO
model, formal methods can be used to prove the correctness of the
proposed model [13].

1 https://github.com/Izpap/tips/blob/master/tips/TIP-0018/tip-0018.md

Konferencijos , Lietuvos magistranty informatikos ir IT tyrimai” darbai 27



The formal verification of blockchain models or their smart contracts
often involves using a proof assistant [14]. Isabelle is a collection of tools
that allow formally verifying specifications using higher-order logic [15]. It
is currently one of the more popular formal verification tools in academia
due to its intuitive development environment and use of powerful provers.
As such, Isabelle is a solid choice for specifying and verifying both the base
UTXO model and IOTA's EUTXO model.

While there have already been attempts to formalize the UTXO model,
some of them using Isabelle, the results of these attempts are difficult to
reuse for formalizing the IOTA EUTXO. Many of the formalizations, such
as the Cardano UTXO specification?, are missing an accompanying paper,
which complicates further analysis of the specification, and do not explicitly
consider the possibilities of extending the model. Other specifications,
such as the mathematical specification of the UTXO model by Gabbay et
al., use manual proofs [16]. Furthermore, the abstract nature of the models
does not address the concern of their real-life applicability. Thus, a new
formalization of the UTXO and IOTA EUTXO is required.

In this paper, we formalize the IOTA EUTXO model using Isabelle. We
demonstrate a way to represent the essential entities and properties of the
UTXO model in a modular way using Isabelle’s syntax, including the locale
construct. We then build on the UTXO model by formalizing a subset of the
IOTA EUTXO's functionality. We show that the IOTA EUTXO model maintains
the base UTXO model's properties while allowing for more complex
workflows. By splitting the specification into implementation and abstract
parts, we ensure that it is both theoretically sound and practically feasible.
Our work provides a solid foundation for future UTXO and IOTA EUTXO
model research by creating reusable components in Isabelle.

2 Formalizing the UTXO Model in Isabelle

Our formalization of the UTXO model in Isabelle uses a two-layered
approach, differentiating an abstract and a implementation specification.
The abstract layer represents the core properties and operations of outputs,
transactions, and the ledger without tying them to specific data types -
relationships and properties are represented using generic predicates

2 https://github.com/input-output-hk/cardano-ledger-high-assurance/blob/master/Isabelle/
UTxO/UTxO.thy
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instead. This allows for the verification of the UTXO model's properties in
a generic manner, ensuring any valid concrete implementation will inherit
these properties.

When reasoning about the abstract model, we found the Isabelle
locale construct to be very useful in ensuring a modular and extendable
specification.AlocaleinlIsabelleisacollection of parametersand assumptions
that provide a context for proving theorems. To be more precise, locales are
a way to define abstract contexts and structures, which can be instantiated
later with specific types, functions, or relations. They provide a mechanism
to reason about abstract properties and assumptions, prove theorems in a
generic context and reuse the results in specific instances.

VXq0 e X [(Ags 0 AL )= C )

In Eq. 1 parameters x, to x,, are fixed, assumptions A; to A, are made,
and the conclusions C are implied. When writing Isabelle code, C would
correspond to the proofs for lemmas and theorems that can be proven inside
the context of the locale. A locale can then be instantiated by satisfying its
parameters and assumptions using a specific type by using the interpretation
mechanism, which allows us to reuse the proven properties of the locale.

The abstract model focuses on the UTXO model’s essential entities and
properties. Using Isabelle locales, we model basic entities like outputs,
transactions, and the ledger, each with its own essential properties and
operations. For instance, the basic output locale guarantees that each
output possesses a non-zero amount, while the basic transaction locale
ensures the conservation of total token amount in a transaction.

P{ basic_transaction \

basic_UTXO_ledger_and_transaction ‘ ‘ basic_output_set H basiciuulpul‘

\p{ basic UTXO ledger H basic UTXO DB V

Figure 2. The locale structure in the abstract UTXO model. Six distinct locales are re-
presented as nodes, the relationships between them are depicted with directed edges.

Figure 2 depicts the hierarchical structure of locales in the abstract
UTXO model as used in formal verification within the Isabelle proof assis-
tant framework. It illustrates how six distinct locales interconnect to model
the UTXO model, with each node representing a locale and the edges indi-
cating the dependency and extension relationships between them. The fun-
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damental locale is basic_output, which defines individual UTXOs. It is used
by basic_output _set, representing a collection of UTXOs. This, in turn, is refer-
enced by the basic_transaction_locale, which models the transaction mecha-
nism. The basic_UTXO_ledger locale relies on basic. UTXO_DB, which itself ref-
erences basic_output_set. Both basic_transaction and basic_UTXO_ledger are
used by the basic UTXO_ledger_and._transaction locale, which encapsulates
the ledger’s state and a valid transaction, allowing us to reason in terms of
the current and the subsequent ledger's state.

In contrast, the implementation layer offers a concrete example im-
plementation of the UTXO ledger, defining specific data types for outputs,
transactions, and other essential entities, as well as functions and predi-
cates to model ledger updates and transaction validity. By mapping these
concrete types to their abstract counterparts and verifying that the abstract
model’'s assumptions still hold, we demonstrate that the implementation
adheres to the desired properties of the UTXO model.

By using Isabelle’s interpretation mechanism, we link the implementa-
tion model's concrete entities to the abstract model’s locales and assump-
tions. This validates the implementation against the abstract specification
and ensures the inheritance of all proven properties from the abstract mod-
el. Thus, we establish the correctness of our UTXO model implementation,
by ensuring it is both theoretically sound and practically viable.

3 Formalizing the IOTA Extended UTXO Model in Isabelle

The IOTA EUTXO design document describes several new output types such
as alias output and foundry output. An alias outputis an output representing
smart contract invocation chain accounts that can process requests and
transfer funds. A foundry output is an output that contains the state of and
manages user-defined native tokens [17]. To support these new output
types, the ledger has to have some characteristics of a state machine.

For an output to function as a state machine, the state of the output
must be moved forward when it is consumed as an input. In the UTXO
model, the input outputs are essentially burned and only the value amount
is distributed among the outgoing outputs. Subsequently, IOTA proposes
an extension to the validator called a chain constraint. The chain constraint
allows the transfer of the output state machine state encoded in the new
additional fields on the output across transactions. The alias output and
foundry output utilize this chain constraint to transfer the states of the alias
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state machine and foundry state machine respectively. The chain constraint
describes validation rules that ensure that the state is created, modified,
and deleted in a correct manner. For example, the chain constraint ensures
that once an alias is created, it has a continuous existence across the ledger
until explicitly deleted and removed from the ledger.

Path made of UTXOs with
the same chain constraint

UTXO with
chain constraint

Created UTXO with the
same chain constraint

Figure 3. A path of consumed outputs with the same chain constraint forms a chain.
Arrows indicate the creation of an output and the circles are the transactions; gray
circles are transactions that contain a chain constraint.

Figure 3 visualizes the concept of a transaction chain that uses the chain
constraint. In this representation, each circle symbolizes a transaction, with
the gray circles representing transactions that include an output with a chain
constraint. The arrows between the circles represent the use of an output
from one transaction in the next. A path made up of outputs linked by the
same chain constraint is highlighted. This chain begins with the creation of
an output with a chain constraint and terminates when the output containing
this constraint is spent without creating a new one, which ends the sequence.

Our formalization of the UTXO model in Isabelle uses the same two-
layered approach used for the base UTXO model, with an abstract and a
implementation specification. The IOTA EUTXO formalization builds upon
the locales of the basic UTXO model.

In the abstract model, the details of the alias and foundry outputs are
added. Notably, the base output and the additional state fields in an alias
or foundry output are independent in terms of the operations and the
properties of the UTXO model. Properties and operations from the base
model only reference fields of the base model. Analogously for alias and
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foundry outputs. Thus, we have modeled them as separate ledgers. For
example, an alias ledger is an image of the blockchain ledger containing only
the alias parts of the outputs; an alias ledger contains details of only the alias
outputs and validates logic related only to alias output functionality. This
approach ensures that our specification remains modular and reusable.

In the implementation model, we have opted to use a single ledger
to represent all of the output types, which better mimics a possible real-
world implementation. Instead, we define the ledger as a set of a sum type
with three possible constructors: basic output, alias output and foundry
output. The basic output contains only the base output fields, while alias
and foundry contain both the basic output fields and the alias and foundry
fields respectively. This allows us to map the implementation to the abstract
specification - an alias ledger is just the image of the implementation ledger
which takes all of the alias field parts of the outputs in the ledger.

Using the Isabelle locale interpretation feature, we link the IOTA EUTXO
implementation model’s concrete entities to both the base output and the
IOTA EUTXO abstract model's locales and assumptions. Subsequently, we
establish the correctness of the implementation model in the context of
both the base UTXO and the IOTA EUTXO models’ invariants and properties.

4 Formalization Results

In our work, we not only formalized the models, but also verified some of
their properties using Isabelle automated provers.
The UTXO model has several essential properties that we have verified:
+ Constant Supply: the sum of unspent outputs in the ledger must be
constant.
+ Unspent Output Consumption: an output can be consumed only if it is
a part of the current ledger state and this output will not be presentin
the subsequent ledger state.
+ No Double Spending: an output can only be consumed by a single
transaction.

In the IOTA EUTXO model, we have verified all of the base UTXO model's
properties in addition to the chain constraint for the alias output:
+ Continuity of Alias (Chain Constraint): once an alias is created, it has
a continuous existence across the ledger until explicitly deleted and
removed from the ledger.
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The proof process for verifying these properties in Isabelle involved
several steps. For each property we aimed to verify, we started by formulating
a theorem definition for it using Isabelle. This required translating informal
descriptions of UTXO model's behavior into precise, logical statements using
Isabelle’s syntax. We then used Isabelle’s automated proof search tools and
manual proof strategies to construct a proof for each theorem. Finally, we
used Isabelle’s automated provers to ensure that the proof was sound.

To demonstrate the verification of one specific property in more detail,
let's consider the constant supply property of the UTXO model. This property
ensures that the total sum of tokens across all unspent outputs remains
unchanged by the application of transactions, assuming no new tokens are
minted or existing tokens are destroyed outside of transactions.

We first formally defined the sum_amount function in Isabelle, which
calculates the total sum of tokens in a given set of outputs. The constant
supply theorem was then stated as:

sum_amount DB = sum_amount (apply_transaction DB tx) (2)

In Eg. 2 we assume that tx is a valid transaction in the ledger DB.

We then constructed a proof by interacting with Isabelle’s automatic
proof search functionality. The proof uses the subproofs for the facts that
the amount of tokens in the inputs and outputs of a valid transaction is the
same, and that, in terms of tokens, applying a transaction is equivalent to
subtracting the amount of tokens in the inputs and adding the amount of
tokens in the outputs. Finally, the Isabelle automated provers verified our
proof to demonstrate its soundness.

5 Conclusions

We aimed to formalize the IOTA EUTXO model by utilizing the Isabelle
formal verification tool and verify it using Isabelle’s automated prover.
Our formalization showed that the IOTA EUTXO model not only retains
the base correctness properties of the base UTXO model including no
double spending, constant supply, and unspent output consumption, but
also supports additional properties which are specified in the IOTA EUTXO
design document, such as the chain constraint.

We have used a two-layered approach in our formalization to ensure
that our model is both theoretically robust and practically applicable. The
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abstract layer allowed us to verify the UTXO model’s core properties in a
generic way, while the implementation layer provided a concrete example
that adheres to the verified properties, demonstrating the practical viability
of our formalization.

We have presented a model that is not only modular but also extensible.
Our approach to formalization, which uses Isabelle locales, provides
flexibility in specifying the model by allowing easier future extensions or
modifications. This is crucial for keeping the model relevant as distributed
ledger technologies continue to evolve. We believe that this approach offers
a good foundation for further research and developments in the field of
UTXO blockchain technologies.
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Santrauka. Sudétingos sistemos dekomponavimas, suskaidantis jg j silpnai
sukibusias dalis, kad bty lengviau ta sistemga sukurti, yra esminis sékme nule-
miantis dalykas. Siai problemai spresti sitlome taikyti kokybés sklaidos metoda,
leidZiantj iSlaikyti rySj tarp aukstesnio lygmens daliy ir jas sudaranciy kompo-
nenty, o taip pat nustatyti, kuriam komponentui priskirti nagrinéjama elementg
dekomponavimo nevienareikSmiSkumo atveju. Tai argumentais autoriaus pozi-
Cijg grindziantis straipsnis (angl. position paper), kuriame pateikiami sudétingy
sistemy dekomponavimo tyrimo rezultatai.

Raktiniai ZodZiai: Sistemy dekomponavimas, sudétingos informacinés siste-
mos, kokybés funkcijy sklaidos metodas, komponentas, klasterizavimas.

1 |Jvadas

Siuolaikinés informacinés sistemos (IS) pletiasi ir tampa vis sudétingesnés.
Jos apibréziamos kaip integruotas komponenty rinkinys, skirtas duomenims
rinkti, saugoti ir apdoroti bei teikti ne tik informacijg ir Zinias, bet ir skaitme-
ninius produktus. Sistemos dekomponavimas, suskaidantis jg j silpnai suki-
busias dalis, yra esminis kuriamos sistemos sékme nulemiantis sprendinys.

Sistemos dekomponavimas dazniausiai nagrinéjamas sistemos projek-
tavimo kontekste. Dideliy sistemy sudetingumui valdyti, dekomponuojant
jas j dalis, mokslinéje literatdroje skiriamas kiek mazesnis démesys, o struk-
taros projektavimo matrica [1] yra viena populiariausiy tam taikomy tech-
niky. Skiriamos jvairios jos pagrindu sukurty metody variacijos; o sistemos
dalys nustatomos klasterizavimo badu [2]. Tai reiSkia, kad matricos eilute-
se ir stulpeliuose nurodomi tie patys elementai, kas neleidZia apimti rySio
tarp aukstesnio lygmens daliy ir jas sudaranciy komponenty. Tam iSspresti
Siame darbe sidloma taikyti kokybeés funkcijy sklaidos (KFS) metoda. Be to,
KFS matricos pildymo taisyklés jgalina spresti klasteriy formavimo proble-
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ma tais atvejais, kai reikia nustatyti kuriam is keliy galimy klasteriy priskirti
nagrinéjama elementa.

Kituose straipsnio skyriuose pateikiama argumentuota autoriaus pozi-
cija.

2 Susije darbai

Struktdros projektavimo matricos (SPM) pagrindu sukurtas metodas, yra
naudojamas sistemy dekomponavimo procese, siekiant modeliuoti, ana-
lizuoti ir valdyti sistemy sudétingumga [1, 2]. Naudodami SPM, inZinieriai
gali uztikrinti informaciniy ir programy jrangos sistemy moduliskuma, t. y.,
identifikuoti tarpusavyje susijusius elementus, kuriuos galima sugrupuoti
| komponentus. Grupavimas vykdomas identifikuojant galimus klasterius.
Informaciniy sistemy karimo procese tai padeda veiksmingai vizualizuoti
programinés jrangos komponenty santykius ir valdyti programinés jrangos
architektdros sudetinguma.

Kiekviena matricos dalis nurodo rySio tarp komponento eilutéje ir kom-
ponento stulpelyje buvima arba tipa. RySiai gali reiksti duomeny srautus,
valdymo srautus, funkcines priklausomybes ar kitokias priklausomybes.
Matrica daZniausiai bdina dviejy tipy: dvejetainé (nurodanti priklausomybés
buvima ar nebuvimg) arba svertiné (pateikianti daugiau informacijos apie
priklausomybés stipruma ar svarbg). SPM placiai taikomas, ypac inZinerinio
projektavimo srityse. Taciau klasikinis jo variantas netinkamas sistemos sa-
vybéms nuleisti Zemyn, kitaip tariant, nepalaiko rysiy tarp skirtingy lygmeny
komponenty, reikiamy dekomponavimo procese.

Kokybes funkcijy sklaidos (KFS) metodas, naudojamas produkty ir pas-
laugy kdrimo procesuose, siekiant uztikrinti, kad sukurtos sistemos tiksliai
atitikty klienty poreikius ir kokybes reikalavimus [3]. Kalbant metodo termi-
nais - tai sistemingas ,kliento balso” vertimas j Zemesnio lygmens veiksmus,
reikalingus patenkinti klienty poreikius. Sis metodas buvo taikytas ir kom-
ponentams identifikuoti [4], taciau, panasiai kaip SPM, tam buvo nustatomi
eilutése esanciy savybiy ir stulpelyje iSvardinty operacijy klasteriai (objektai
objektinés paradigmos prasme).

3 Rezultatai

Kokybes funkcijy sklaidos (KFS) metodas [5] nuo jo sukdrimo 1966 m. Ja-
ponijoje, placiai naudojamas jvairiy sriciy inzinerijoje, nes leidzia sumazinti
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kuriamos sistemos perdarymy skaiciy. Jo jvairios modifikacijos taikytos ir
programy sistemy kurti.

Informacinés sistemos dekomponavimas gali bati jgyvendintas KFS pa-
grindinés matricos pagrindu. Kairiajame stulpelyje nurodomos IS, kaip mo-
nolitg aprasancios savybés, o stulpeliuose tos savybés iSreikStos Zemesnio
lygmens terminais. Tada matricoje suzymimos priklausomybés, kur ,+" Zymi
silpna sarysj, o ,++" - stipry. Kitas Zingsnis - matricos pertvarkymas, siekiant
suformuoti galimus savybiy klasterius. Jei visos arba beveik visos aukStesnio
lygmens savybés turi rySj su viena Zemesnio lygmens savybe, Si Zemesnio
lygmens savybé sudaro atskirg klasterj. Kitaip sakant, toks atvejis reiskia,
kad aukStesnio lygmens savybé negali bati ,iSbarstyta” po kelis komponen-
tus (pvz., sistemos apsauga, kuri kaip atskiras aspektas lokalizuojamas vie-
name komponente). 1 pav. pateiktame pavyzdyje matoma, kad pertvarkius
matricg, gauname tris komponentus, kurie yra suzymeéti atitinkamai mely-
na, oranzine ir violetine spalvomis. S3 ir Z7 susietos stipriu rysiu, todél savy-
be 77 priskiriame mélynajam komponentui.

IS |IS Zemesnio lygmens savybés IS |IS Zemesnio lygmens savybés
savybé | 71 | 72 | Z3 | Z4 | 5 | 46 | Z7 savybé | Z1 | 73 | Z5 | Z7 |22 | Z6 | 4
51 ++ + |+ |+ pertvarkymas| 51 ++ |+ |+ +
52 + + + | + ‘ 54 + |+ +
53 + + |+ ++ 53 + + | ++ +
54 + |+ 52 + |+ |+
355 + + + 35 + |+ +

1 pav. KFS panaudojimas sistemos dekomponavimui

4 ISvados

Kuriant dideles sudétingas informacines sistemas reikia ne tik jas dekom-
ponuoti j dalis, bet ir kartu spresti trasavimo problemg - sekti reikalavimo
(sistemos savybés) gyvavima nuo reikalavimo suformavimo iki jgyvendini-
mo sistemoje. Tam rekomenduojama taikyti adaptuotg kokybés funkcijy
sklaidos metodg - savybiy klasterizavimo pagrindu suformuojami kompo-
nentai, o pats matricos pavidalas uztikrina galimybe ,nepamesti” rySiy tarp
skirtingy lygmeny artefakty.

Tolesnio tyrimo turinys gali apimti dekomponavima, kuriame atsizvel-
giama ne tik j rySius tarp skirtingy lygmenu, bet ir ty rysiy jvairove bei stipru-
mo laipsnj; taip pat siekiama mazinti komponenty sukibima.
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Santrauka. Siekiant geriau suvokti sistemos Heureka funkcionaluma, ypac jvai-
riy miskininkavimo scenarijy nustatymo ypatumus, buvo sumodeliuota Lietuvos
misky raida. Visais atvejais naudoti visos Lietuvos misko iStekliy duomenys bei
Lietuvos misky augimas buvo modeliuojamas pagal modelius, taikomus geogra-
finiu poZidriu artimiausiame Svedijos regione. Nepaisant tam tikry metodiniy
problemuy, eksperimento metu diskutuota prielaida, kad Lietuvos miSko tkis yra
labiau draugiSkas aplinkai, taciau tuo paciu maziau efektyvus ekonominiais as-
pektais nei Svedijos.

Raktiniai ZodZiai: MiSkininkavimas, funkcionalumas, misky raida, Heureka.

1 Jvadas

Miskininkavimo sprendimy priemimo paramos sistema Heureka yra univer-
salus jrankis [1-3], ilgameciy Svedijos miskininky pastangy rezultatas, kurio
naudojimas pleciamas ir kitose 3alyse. Sig sistemg testavimui pasirinkome
turédami omenyje jos atviruma, plétojimo galimybes bei Lietuvos ir Svedi-
jos Nacionaliniy misky inventorizacijy tam tikrg panaSuma. Sistemos Heu-
reka eksperimentas vykdytas glaudZiai bendradarbiaujant su jos autoriais
i$ Svedijos Zemés akio moksly universiteto. Sio tyrimo tikslas yra jvertinti
miskininkavimo sprendimy paramos sistemos Heureka galimybes naudoti
netipiniams Lietuvoje miskininkavimo modeliams vystyti.

2 Rezultatai

Eksperimento metu j sistemos Heureka duomeny bazes buvo importuoti
1998-2002 bei 2011-2015 mety Lietuvos Nacionalinés misky inventorizaci-
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jos (NMI) cikly duomenys. Sistemoje Heureka yra pateikiamos gausios pa-
galbinés priemonés objektui, kurj numatoma nagrinéti, apibadinti (1 pav.).

s

1 pav. Sistemos Heureka modulio RegWise vartotojo sasaja, jkélus Lietuvos NMI duo-
menis.

Modeliavimo rezultatai, gauti naudojant sistemg Heureka bei Lietuvos
NMI duomenis yra pateikiami pirmiausia siekiant iliustruoti galimos gauti
informacijos turinj. Konkretts rodikliy dydziai ar jy kaita per modeliuoja-
ma laikotarpj yra nevertintini dél Svedijoje ir Lietuvoje naudojamy mode-
liy bazeés skirtumy. Eksperimente pirmiausia siekta susipazinti su sistemos
Heureka funkcionalumu bei jos potencialu, atitinkamai iSvyscius, naudoti
kaip Lietuvos Nacionalinés misky inventorizacijos informacinés sistemos
scenarijy modeliavimo posistemés (NMIIIS SMP) pagrinda, taciau nekelta
uzdavinio sumodeliuoti vieng ar kitg Salies misky raidos varianta. 2 pav. yra
iliustruojama sumodeliuota kai kuriy taksaciniy rodikliy raida per 50 mety.

Pastebétina, kad modeliuojant yra gaunami maZesni medyny tariai, nei
deklaruojama oficialiose misko iStekliy statistikose (per pirmus modeliavi-
mo zingsnius) bei naudojant kitas miskininkavimo scenarijy modeliavimo
sistemas. Beje, skirtumai yra didesni, kuo daugiau miskininkavimo scenarijy
apibadinime yra su Svedijos migkininkyste susijusiy nustatymy. Taciau pa-
Zymetina, kad sistema Heureka numatytuoju atveju pateikia gausig misko
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iSteklius apibdinancia informacija. Taksaciniai rodikliai apibendrinami pa-
gal vyraujancias medZio rasis (3 pav.), sortimentus.
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2 pav. Kai kuriy Lietuvos misky taksaciniy rodikliy raida, sumodeliuota naudojant sis-
tema Heureka; a) bendras medyny taris, b) vidutinis medyny taris, c) vidutinis medyny
amzius ir d) vidutinis medyny skersmuo.
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3 pav. Bendras medyno tdris, sumodeliuotas naudojant sistemga Heureka, pagal vyrau-
jancig medzio rasj; a) ,Atskaita-Lietuva“, b) ,Visi-4 grupé” ir c) ,,Atskaita-évedija“.

42 Konferencijos , Lietuvos magistranty informatikos ir IT tyrimai” darbai



3 ISvados

Pasitelkus standartines sistemos Heureka bei darbo metu sukurtas prie-
mones, pademonstruotas Lietuvos Nacionalinés miSky inventorizacijos
duomeny importas j sistemg Heureka. Lietuvos Nacionalinés misky inven-
torizacijos duomenims paruosti importui j sistema Heureka yra sukurta MS
Access grindziama pagalbine priemone.

4 Padéka

Tyrima finansuoja Europos Sajunga (projekto Nr. [S-ST-23-224]) pagal sutar-
tj su Lietuvos mokslo taryba (LMTLT).
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ISgyvenamumo modeliy taikymas
personalo kaitai prognozuoti
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Santrauka. Personalo stabilumas yra itin svarbus jmonés sékmés komponen-
tas. Suprasti, kas labiausiai jtakoja darbuotojy kaita, yra daznai (ir prasmingai)
darbdavio keliamas tikslas. Nors jprastai tam pasitelkiami klasikinés statistikos
sprendimai, jie nebatinai yra geriausias pasirinkimas. Siame darbe standarti-
niam duomeny rinkiniui pritaikyti ir palyginti trys iSgyvenamumo analizés me-
todai. Nustatyta, jog atsitiktiniai iSgyvenimo miskai Siuo atveju veikia geriausiai.

Raktiniai ZodZiai: personalo kaita, iSgyvenamumo analizé, masininis mokymasis.

1 Jvadas

Darbovietés personalo stabilumas yra svarbus kompanijos sékmeés kom-
ponentas. Darbdavio uzduotis yra ne tik rasti auksStg potencialg turincius
individus, taciau ir Zinoti esminius faktorius, didinancius nepasitenkinimo ir,
galiausiai, iSéjimo rizika.

Sio uzdavinio sprendimo metody yra pakankamai. Logistiné regresija,
Naivusis Bajeso, atsitiktiniy misky ar atraminiy vektoriy klasifikatoriai [1]
daznai minimi kaip galimi klasifikavimo metodai. Taciau naudojant Siuos
metodus neatsizvelgiama j laiko jtaka duomenims, kadangi kiekviena duo-
meny eiluté laikoma atskiru nepriklausomu stebéjimu [3].

Tokio kompromiso nereikia pritaikius iSgyvenamumo analizés metodus,
kai modeliuojamas laikas ir cenzruoti stebéjimai naudojami kaip papildo-
ma informacija. Tai néra naujoveé nei statistikos, nei darbuotojy kaitos uzda-
vinio kontekste [3, 7]. Visgi, iSgyvenamumo analizé néra daznai minima kaip
galima personalo kaitos analizés alternatyva.

Sio darbo tikslas yra palyginti klasikiniy ir inovatyviy igyvenamumo
analizés metody taikyma darbuotojo iSéjimo i$ darbo prognozavimui.
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2 Duomenys

Naudojamas laisvai prieinamas Edward Babushkin pateiktas realus duome-
ny rinkinys' apie 1129 darbuotojus i3 jvairiy pramonés sri¢iy. Jame pateikti
lytis, amZius, uZzmokescio tipas, keliavimo j darbg badas, jsidarbinimo 3alti-
nis ir DidZiojo Penketo (angl. Big Five) asmenybés bruozy? jvertinimai. Duo-
menys iSskaidyti j apmokymo ir testavimo aibes santykiu 7:3.

3 Metodai

Pirmasis metodas - parametriné AFT (angl. Accelerated Failure Time) regre-
sija [6]. Grafiniam tinkamumui nustatyti naudojamas sukurtas programinis
jrankis, leidZiantis nustatyti tinkamus parametrinius skirstinius. Patikrinus
eksponentinj, Veibulo, loglogistinj bei lognormaluyjj skirstinius, akivaizdziai
netinka tik pastarasis. Tada skirstiniy tinkamumas tikrinamas tikétinumy
santykio kriterijumi. Nustatyta, jog tinka Veibulo skirstinys.

Kitas naudojamas metodas - Kokso semiparametriné proporcingujy
riziky (angl. Proportional Hazards, PH) regresija [5]. Tai daZniausiai naudo-
jamas ir geriausiai Zinomas iSgyvenamumo analizés modelis. Po stratifikavi-
mo, proporcingyjy riziky prielaidg modelis tenkina.

Trecias taikytas metodas - atsitiktiniai iSgyvenimo miskai (angl. Random
Survival Forests, RSF) [3]. Tai atsitiktiniy miSky modifikacija, kur kiekviename
medyje siekiama atskirti kuo labiau iSgyvenimo charakteristika besiskirian-
Cius individus. Esminiai hiperparametrai - medziy skaicius bei skaidymo tai-
syklé. Nustatyta, jog optimalig paklaidg fiksavo 500 medziy turintis miSkas
su lograngine skaidymo taisykle.

4 Rezultatai

Modeliy palyginimui skai¢iuojamas konkordancijos koeficientas [2]. Kuo jis
arciau 1, tuo modelis veikia tiksliau. Tiek apmokymo, tiek testavimo aibeje
geriausiai pasirodo RSF modelis (1 lentelé). Tiesa, konkordancija testavimo
aibéje pastebimai sumazéja.

T Vie3ai prieinamas Kaggle bei autoriaus tinklalapyje.
2 Emocinio stabilumo, ekstraversijos, atvirumo patirtims, sukalbamumo, sgmoningumo
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1 lentelé. Konkordancijos indeksas apmokymo ir testavimo aibése.

Apmokymo aibé Testavimo aibé
Veibulo AFT 0,659 0,565
Kokso PH 0,636 0,548
RSF 0,829 0,622

Apmokymo aibei nubraizomas dinaminis AUC (angl. Area Under Curve,
kur Curve yra ROC kreivé) [4]. Kuo kreivé ar€iau 1 visuose laiko taSkuose, tuo
modelis geresnis (1 pav.). ISvados dél tinkamiausio modelio panaSios kaip
ir naudojant konkordancijos koeficientg. Veibulo AFT bei Kokso PH modeliai
pasirodo labai panasiai, o RSF beveik visoje laiko skaléje pranasesnis.

1.0

06
1

04

— Kokso PH
—— Veibulo AFT
i — RSF

T T T T

0 50 100 150

0.0

Laikas

1 pav. Dinaminis AUC apmokymo aibéje.

5 ISvados

Pritaikius tris iSgyvenamumo analizés metodus galima teigti, jog toks pozia-
ris personalo kaitai analizuoti yra tinkamas. Atsitiktiniai iSgyvenimo miskai
lenkia Kokso PH ir Veibulo AFT modelius pagal konkordancijos indeksa. Tik
RSF modelis apmokymo aibeje fiksuoja rezultatg, aukStesnj nei 0,8 ir vienin-
telis testavimo aibéje virSija 0,6. IS dinaminio AUC iSvados tokios pat - RSF
beveik visame laiko intervale pranasesnis. Papildomas Sio modelio privalu-
mas tas, kad jj ir pritaikyti yra lengviausia.
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Vairavimo marsruto skai€iavimo,
grindziamo skatinamuoju mokymusi,
vizualios aplinkos kurimas

Oskaras Klimasauskas, Gintautas Dzemyda

Vilniaus universitetas, Duomeny mokslo ir
skaitmeniniy technologijy institutas,
Akademijos g. 4, LT-08412 Vilnius,
oskaras.klimasauskas@mif.vu.lt

Santrauka. Straipsnyje yra sprendzZiamas optimalaus marSruto keliy tinkle
paieskos uzdavinys. Uzdavinys yra modelinis, nes keliy tinklas pasirinktas sta-
Ciakampis su vienodomis tiesiomis atkarpomis, o kai kuriose sankryZose yra vei-
kiantis Sviesoforas. Uzdavinys sprendZiamas naudojantis skatinamojo mokymo-
si algoritmais. Straipsnyje siekiama palyginti skirtingus skatinamojo mokymosi
algoritmus, o taip pat sukurti vizualig aplinka, leidZiancig stebéti skatinamojo
mokymosi procesa. Vizuali aplinka yra sudaryta iS automobilio, keliy ir Sviesofo-
ry tinklo, bei galutinio finiSo. Mokymasis vyksta siekiant minimizuoti pravaZiuo-
ty atkarpy skaiciy. Algoritmai, sunaudojantys maziausia tokiy atlikty Zingsniy
skaiciy ir tuo bddu randantys sprendimg greiciausiai, yra geriausi. Tyrime buvo
naudojami keturi skatinamojo mokymosi algoritmai: Q-learning, Sarsa, Sarsa(}),
Actor-critic. Pasitlytos realizacijos, labiausiai tinkancios sprendziamam uzdavi-
niui. Aplinka naudinga susipazjstantiems su skatinamuoju mokymusi ir jo princi-
pais. Straipsnyje pateikiama nuoroda j aplinkos programos kodg ir instrukcijos,
kaip ja pasinaudoti. Tai turety iSplésti skatinamojo mokymosi taikymus.

Raktiniai ZodZiai: MaSininis mokymasis, Skatinamasis mokymasis, Marsruto
paieSka, Demonstraciné aplinka.

1 Jvadas

Skatinimasis mokymasis yra masininio mokymo at3aka, kur egzistuoja tam
tikras agentas, kuris mokosi spresti sudétingg uzdavinj, atlikdamas elemen-
tarius veiksmus, bet siekdamas maksimizuoti kazkokj ilgalaikj atlygj ar pasie-
kima. Skatinamasis mokymasis pagrjstas agento ir aplinkos sgveika: agen-
tas stebi aplinka, pagal jg atlieka veiksmg, gauna atlygj priklausomai nuo
jo veiksmy. Siy atlygiy pagrindu agentas tobulina savo veiksmy strategija.
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Pagrindinis tikslas yra iSmokti optimalig veiksmy seka, kuri leisty pasiekti
geriausig galima rezultata konkrecioje uzduotyje. Matematiskai apskaiciuoti
geriausig rezultatg daznai arba labai sunku, arba uztrukty labai daug laiko,
arba visiskai nejmanoma. Skatinamasis mokymasis yra vienas i$ bady, kad
surasti apytiksliai optimalig veiksmy seka.

Siame straipsnyje nagrinéjamas uZdavinys susijes su optimalaus mars-
ruto radimu modelingje aplinkoje, kurioje keliy tinklas yra pavaizduotas
kaip staciakampe tinklas, sudarytas is vienody atstumy segmenty ir jrengty
Sviesofory tam tikrose sankryZose. Siekiant iSspresti $j uzdavinj, straipsnyje
taikomi ir analizuojami jvairas skatinamojo mokymosi algoritmai: Q-learning
[1], Sarsa [2], Sarsa(A) [3] ir Actor-critic [4]. Sie metodai pasirinkti todel, kad
ju veikimas grindziamas skirtingais principais arba bendrumu. Siy metody
efektyvumas lyginamas, kad baty nustatytas efektyviausias algoritmas op-
timalaus marsruto paieSkai. Tyrimas leidZia ne tik identifikuoti geriausias
praktikas optimaliems marSrutams rasti, bet ir suteikia galimybe giliau su-
prasti, kaip skirtingi skatinamojo mokymosi algoritmai veikia.

Darbo tikslas yra palyginti skirtingus skatinamojo mokymosi algoritmus,
o taip pat sukurti vizualig aplinka, leidZiancig stebéti skatinamojo mokymosi
procesa. Tokia stebéjimo galimybeé yra geras badas paZinti skatinamajj mo-
kymasi, jo veikima.

2 SprendZiamo uZdavinio formuluoté

UZdavinys sudarytas i$ prie$ tai minéto keliy tinklo bei Sviesofory, kurie turi
2 stadijas: Zalia ir raudwona. Uzdavinys turi n jvaziavimy j keliy tinklg, j vieng
kuriy agentas (masy atveju tai vairuotojas) atsitiktinai jvaziuoja, ir m isva-
Ziavimy, j bet kurj patekti yra to agento tikslas. Vairuotojas turi penkis jude-
siy pasirinkimus: judéti j kaire, deSine, Zemyn, aukstyn, nejudéti. Jo galimi
judesiai yra tose kryptyse, kuriose egzistuoja kelias ir jame néra degancio
raudono Sviesoforo, nejudéti gali pasirinkti bet kokioj situacijoj.

Jsiveskime laiko sgvokg. Mokymosi laikg Zymésime t. Pradiniu momentu
t = 0. Vienas laiko Zingsnis yra sugaiStamas kiekvienam agento pasirinktam
veiksmui, t. y. po atlikto veiksmo t padidéja vienetu. Sviesofory spalvos kei-
Ciasi (pasidaro i$ Zalios j raudong, ar i$ raudonos j Zalig) sinchroniskai, kas k
laiko Zingsniy, t. y. kas k agento pasirinkty judesiy.

Agento dabartiné bdsena yra jo koordinatés ir Sviesofory stadija. Kadan-
gi Sviesoforai keiciasi visi tuo paciu metu, jy stadija globaliai yra reprezen-
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tuojama kaip 1 arba -1, kur stadijos reikSmeé pasikeicia kas k laiko zingsniy.
Agento bliseng momentu ¢t galime aprasyti kaip (x, y, Sviesofory stadija), Cia
(x, y) yra sankryzos, kurioje randasi automobilis, koordinates.

Skatinamajame mokymesi agentas gauna atlygj uz sekme, ir yra bau-
dZiamas uz nesekme. Masy atveju agentas gauna +1 atlygj uz pasiekta finisg
ir -1 atlygj uz paeitg zingsnj - kuo ilgiau agentas eis iki finiSo, tuo labiau jis
bus nubaustas. Siekiant gauti kuo didesnj atlygj, optimalus marsrutas tures
maZiausiai panaudota Zingsniy skaiciy. Zinoma, masy atveju visada atlygis
bus neigiamas.

3 Aplinkos apraSymas

Vizuali aplinka yra sudaryta i$ automobilio, keliy ir Sviesofory tinklo, bei ga-
lutinio finiSo. Mokymasis vyksta siekiant minimizuoti pravaziuoty atkarpy
skaiCiy. Numatyta galimybé pasirinkti skirtingus skatinamojo mokymosi al-
goritmus Siam uzdaviniui spresti. Algoritmai, sunaudojantys maziausig to-
kiy atlikty zingsniy skaiciy ir tuo badu randantys sprendimg greiciausiai, yra
geriausi. Tyrime buvo naudojami keturi skatinamojo mokymosi algoritmai:
Q-learning, Sarsa, Sarsa(}), Actor-critic. Sukurta aplinka 1 pav., iliustruojanti
skatinamojo mokymosi procesg, yra tinklas keliy ir Sviesofory, kuriame yra
penkios pradinés (starto) basenos kairéje, kurios atsitiktinai parenkamos
agentui momentu t = 0, ir penkios finiSo basenos desinéje, vieng kuriy pa-
siekus pasibaigia simuliacija. Sviesofory igsidéstymas yra atsitiktinai suge-
neruojamas ant keliy tinklo. Sviesofory atskirai nepaisysime. SankryZa, kur
galimo judesio atkarpa yra nuspalvinta baltai reskia, kad ta kryptimi judeji-
mas néra reguliuojamas Sviesoforu ir ten galima pravaziuoti bet kokiu atve-
ju. Ten kur Zalia arba raudona, reiSkia kad yra Sviesoforas, kuris persijungia
kas k=1 laiko momenty. Pradinés bisenos irgi suprantamos kaip sankryzos
su galimu judéjimu tik j priekj ir tos sankryZos irgi gali bati reguliuojamos
Sviesoforu. SankryZoje galima judéti ten, kur ,dega” Zalia Sviesa arba kur
néra eismo reguliavimo Sviesoforu. Agentas turi penkis judesiy pasirinki-
mus: judéti j kaire, deSine, Zemyn, aukstyn, nejudéti. Agento galimi judesiai
yra ten, kur egzistuoja kelias ir jame néra degancio raudono Sviesoforo, o
nejudeti gali pasirinkti bet kokioj situacijoj. 2 pav. atveju galimi judesiai Siuo
atveju yra judéti j deSine arba palaukti bent vieng laiko zingsnj vietoje. 1 pav.
atveju jo galimi judesiai yra j deSine, Zemyn, nejudéti. Veiksma jis pasirenka
pagal naudojamo algoritmo apibréZtas taisykles. Sviesofory stadija keiciasi
(pasidaro is Zalios j raudona, ar i$ raudonos j Zalig) kas kiekvieng laiko Zings-
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1 pav. Aplinkos stadija antrame laiko 2 pav. Aplinkos pradiné stadija
zingsyje

nj. Siuo atveju visi dviesoforai persijungs i$ vienos stadijos j kitg priklauso-
mai nuo t tokiu badu: -1%, kur t yra dabartinis laiko Zingsnis.

4 Pritaikyti skatinamojo mokymosi algoritmai

Siame straipsnyje keturi skirtingi skatinamojo mokymosi algoritmai buvo
naudojami geriausiam marSrutui surasti. Agentas yra baudziamas uz kiek-
vieng praeitg Zzingsnj - kuo ilgiau eina, tuo daugiau prisirenka baudy. Agento
tikslas tampa pasiekti bet kurj iSéjimo taska per kuo maZiau Zingsniy.

Tyrinéjami buvo off-policy, on-policy, eligibilty trace, policy gradient tipo
algoritmai:

1. Q-learning (off-policy)

2. Sarsa (on-policy)

3. Sarsa(}) (eligibility trace)

4. Actor-critic (policy gradient)

Bendru atveju skatinamojo mokymosi algoritmuose disponuojama su
[5]:

+ Buaseny rinkiniu. Basenos apima visas galimas agento vietas aplinkoje.

+ Veiksmy rinkiniu. Veiksmai apima visus galimus veiksmus, kuriuos
agentas gali paimti aplinkoje.

+ Apdovanojimais/baudomis. Atlygio verté priklauso nuo agento base-
nos.

* Nuolaidos faktoriumi. Nuolaida nusako kiek vertinam ilgalaikius atly-
gius lyginant su trumpalaikiais.

+ Elgesiu (Policy). Elgesys nusakomas veiksmy pasirinkimo taisykle, kuri
apibréZia tikimybes, su kuriomis agentas pasirenka kiekvieng galima
veiksma.
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Q-learning
QS Ap) « QS Ap) + a[Req + ¥ Q(Ser1, Apvr) —Q(St, Ap)] (1)

Q-learning yra off-policy metodas, jis sukuria sarySiy lentele Q tarp visy
bdseny S ir veiksmy A pory, vadinamg Q-table. ReikSme lenteléje yra numa-
tomas atlygis pasirenkant konkrety veiksmg esamoje basenoje, kur Q(S,, A,)
yra dabartinio laiko Zingsnio t ir jame pasirinkto veiksmo sarysio reikSmé.
Q-learning optimizuoja off-policy control, tai reiSkia, kad jis basenoj S, pasi-
renka veiksma A, pagal veiksmy pasirinkimo taisykle (behaviour policy), ta-
Ciau atnaujina matricos Q reikSmes pagal tikslo siekimo taisykle (target po-
licy). Siuo atveju tikslo siekimo taisyklé (target policy) yra godi (greedy), kur
pasirenka veiksmag, turintj didZiausig reikSme bdsenoje, o veiksmy pasirin-
kimo taisykle (behaviour policy) yra e-godi (e-greedy), kur renkasi veiksma su
didziausia reikSme, bet turi tikimybe ¢ atsitiktinai pasirinkti bet kokj veiks-
ma (i$ galimy veiksmy toje bidsenoje). Atnaujinimo formuléje (1) dabartines
basenos S, ir veiksmo A, poros reiksmeé Q(S,, A) yra atnaujinama remiantis
sekantios basenos (bdsena, kurioje atsirandame atlikus veiksmag A)) ir go-
daus (greedy) veiksmo pora max Q(S; , 4,a), y nurodo nuolaidos faktoriy, t.y.
kiek norime atsizvelgti j sekanciy Zingsniy reikSmes. R, , ; nusako busenos
po veiksmo A, atlygj, a yra zingsnio dydis dar kitaip vadinamas mokymosi
greiciu.

Sarsa
Q(St, Ap) <« Q(Sp Ap) + a[Req + ¥V Q(Se41, Ars1) —Q(St, Ap)] (2)

Sarsa, kitaip nei Q-learning yra on-policy metodas. Jis taip pat atnaujina
tas pacias baseny S ir veiksmy A pory Q(S,, A) reikSmes, taciau tai daro op-
timizuojant agento veiksmy pasirinkimo taisykle (behaviour policy). Vietoj
to, kad atnaujinty Q reikSmes pagal godziai (greedy) pasirinktg veiksma, jas
atnaujina pagal sekantj veiksmg A,,; (2), pasirinktg e-godziai (e-greedy). Kol
Q-learning mokinasi idealius veiksmus nepaisant to, kad gali atsitiktinai pasi-
rinkti kitg, Sarsa tiesiogiai mokinasi pagal tuos veiksmus kuriuos pasirenka.

Sarsa(A)

Sarsa()) yra Sarsa algoritmo iSplétimas, kuriame naudojamas parametras
A(0 <A <1), leidZiantis kontroliuoti, kiek ankstesnés patirtys turi jtakos base-
nos ir veiksmo poros reikSmés atnaujinimui. Algoritmas naudoja zymekliy
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masyva (eligibility traces) z,, kuriame kaupiama, kaip seniai viena ar kita ba-
sena buvo aplankyta. Zymeklio reikimé nustatoma 1 naujausioje baseno-
je, ir sumazeéja parametro A dydziu kas zingsnj, tokiu bodu agentas gauna
zymekliy ,uodegas” (traces), kur ankstesnes patirties reikSme mazeja, kuo
ilgiau bGsena neaplankyta. Kai A = 0, Sarsa(A) tampa paprastu Sarsa algorit-
mu, kuris Ziari tik j sekancio veiksmo numatoma atlygj, o jei 1, tada tampa
.Monte Carlo" metodu [6]. Q matricos elementy (jtakos blsenos ir veiksmo
poros reikSmés) perskaiciavimas vykdomas naudojant Q matricos aproksi-
macijg [6], [7], kur esant didelei aplinkai, jos blsenai reprezentuoti naudo-
jamas tam tikras ypatybiy vektorius. Kai aplinka yra pakankamai maza, kad
galima j bdseny ir veiksmy pory reikSmes Zidreéti individualiai, tokiu atveju
sidlome z, naudoti kaip lentele, kur kaupiamos visos Zymekliy reikSmeés (3).
Dabartinei basenai ir veiksmui z(S,, A,) priskiriama reikSmé 1, o visos kitos
reikSmés pamazéja A dydziu. Cia matrica Q, yra visos matricos Q reikSmés
t laiko momentu. Algoritmas veiksmus taip pat rinkosi e-godziai (e-greedy
policy).

Zp < YAZp_q
2(S, A < 1 (3)

Qr < O + a’[(RtH +YQ(Ses1, Acs1) — Q(StﬂAt))]Zt

MasytyrimealgoritmaiQ-learning, Sarsa, Sarsa(}) naudojo tokius paramet-
rus: mokymosi Zingsnio dydj a = 0.01; nuolaidos faktoriy y = 1, kad pilnai atsi-
Zvelgty j ateities atlygius; aplinkos tyrinejimo verte € = 0,1; pradinés Q vertes
Q(s, a) = -100, visiems s € S, a e A(s). Sios pradines Q reikSmés buvo pasi-
rinktos todél, kad aplinkoje Zingsniy atlygis yra neigiamas. Jei Q(s, a) baty
inicijuota nuliné, tada agentui ilga laikg auk3ciausios vertés veiksmas baty
maziausiai tyrinétas, nors ir blogas, veiksmas. Sarsa(A) taip pat naudojo A =
0,95 parametrg Zymekliams, nes tai rodo, kad ankstesnés patirtys turi gané-
tinai didele jtaka, bet vis tiek pamazu j jas maziau atsizvelgiama.

Actor-critic

Actor-critic yra policy gradient metodas. Vietoj to, kad iSmokty veiksmy
vertes ir tada pagal kazkokig veiksmy pasirinkimo taisykle juos pasirinkty,
jis tiesiogiai iSmoksta elgseng gradiento metodu. Actor-critic uztat skiriasi
nuo paprasto policy gradient tuo, kad jis taip pat mokosi basenos verte v(S)),
kuri nusako, kaip gerai agentui bati tam tikroje basenoje, tikslu kritiskai ver-
tinti savo elgsenos atnaujinimga. Kaip ir su Sarsa(A), esant didelei aplinkai Q
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matricos elementy (jtakos basenos ir veiksmo poros reikSmés) perskaicia-
vimas vykdomas naudojant basenos verté v aproksimacija [4]. Nedidelés
aplinkos atvejui sidlome visas buseny vertes v(S,) kaupti atskirai (4). Tam,
kad algoritmas jgauty policy m (veiksmy tikimybiy paskirstymg) naudojama
softmax funkcija. Funkcijai duodama reikSmé yra policy parametras 6, kuris
jvertina kiek stipriai reikia apsvarstyti veiksma. Siuo atveju naudojam skir-
tingus Zingsnio dydZius a basenai a” ir policy parametrui a®. Siekiant grei¢iau
iSmokti apytikslig basenos verte ir pagal jg geriau kritiSkai vertinti savo elg-
seng, busenos mokymosi greitj nustatome didesniu. «(S,,,) (arba «(S,,;, w))
yra sekancios basenos reikSmeé.

v(Se) < v(St) + a”[Reyq +yv(See1) — v(Sp)] 4)
0 < 6+ a®[Resy + yv(Sear) — v(S)IVINT(A[S, )

Actor-critic skyresi nuo kity trijy aukSCiau pateikty algoritmy tuo, kad
naudojo papildomai a’ = 0,1 ir a® = 0,005, kad grei¢iau galéty tiksliau kriti3-
kai vertinti savo veiksmus. Vietoj baseny ir veiksmy pory jis naudojo tik nu-
matomas bdseny vertes, kurios inicializuojamos v(s) = 0, visiems s € S. Sios
pradines vertes yra standartinés ir néra labai svarbios. Policy parametrai 6
buvo atsitiktinai sugeneruojami intervale (0, 1) visiems s € S, a € A(s) kad
pradZioj turéety ne vienodg veiksmy pasirinkima.

Tyrime lyginame Q-/learning mokymasi pagal atskirg tikslo siekimo taisyk-
le (target policy), Actor-critic tiesioginj elgsenos mokymasi bei skirtuma tarp
Sarsa su Zymekliais ir be juy.

5 Tyrimo rezultatai

Eksperimentiskai iStirti keturi aukSCiau pateikti algoritmai. 3 pav. pateikti
duomenys yra 20 mokymosi paleidimy vidurkis, rodantis reikalingy Zings-
niy skaiciy finisui pasiekti, didéjant mokymosi epochy kiekiui. Kaip mato-
me, Sarsa(A) greiCiausiai randa optimaly 8 Zingsniy kelig ir jj pasiekia apie
60-0j epochoj. Tuo tarpu Actor-critic algoritmui prireikia 500 epochy, o
Q-learning ir paprastam Sarsa algoritmui prireikia 800 epochy. Kadangi tiek
Sarsa algoritmai, tiek Q-learning naudoja -gody veiksmy pasirinkima, net ir
iSmoke optimaly kelig, jie kartais atsitiktinai pasirenka neteisingg veiksma.
PrieSingai, Actor-critic metodas atnaujina savo elgseng ir palaipsniui maZina
aplinkos tyrinéjima. Tai galima pastebéti nuo 600-osios epochos, kai Actor-
critic pradeda reciau rinktis atsitiktinius veiksmus ir artéja prie 8 zingsniy
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3 pav. Algoritmy palyginimo rezultatai

vidurkio. Paprastas Sarsa ir Q-learning Siame uzdavinyje parodé identiSkus
rezultatus, reikSmiy optimizavimas pagal atskirg elgseng neturejo didelés
jtakos. Actor-critic pradeda léCiausiai, taCiau po 100 epochy aplenkia Q-/ear-
ning ir Sarsa ir po 600 epochy aplenke Sarsa(}). Tiesiogiai mokydamasis elg-
seng, Sis metodas pasizymi tuo, kad iSmoksta lygiavercius veiksmus ir gali
juos pasirinkti su lygia tikimybe. Sioje aplinkoje tai reiskia, kad jis iSmoksta,
jog tam tikroje situacijoje tiek pat verta vaZiuoti j virSuy, kiek ir j apacia.

6 ISvados

Tyrime buvo naudojami keturi skatinamojo mokymosi algoritmai: Q-lear-
ning, Sarsa, Sarsa(}), Actor-critic. Pasitlytos realizacijos, labiausiai tinkancios
sprendziamam uzdaviniui. Remiantis tyrimo rezultatais, galima teigti, kad
1. Sarsa()) algoritmas buvo efektyviausias randant optimalia marsrutg
greitai. Naudodamas ankstesnius savo patyrimus bdsenos ir veiks-
my poros reikSmiy atnaujinimui, jis sugeba daugiau nei astuonis kar-
tus greiciau iSmokti optimaly kelia.
2. Actor-critic metodas, nors ir pradeda mokintis |é€iausiai, pasizyméjo
tuo, kad gali iSmokti lygiavercius veiksmus bei sumaZina baseny tyri-
néjima laikui einant.
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3. Q-learning ir paprastas Sarsa reikalauja maziau skaiCiavimy ir juos
lengviau jgyvendinti, taciau jie nepasirodo tiek jspadingai kiek Sarsa,
jei Sarsa naudoja eligibilty traces.

Sukurta vizuali aplinka yra sudaryta i§ automobilio, keliy ir Sviesofory tink-

lo, bei galutinio finiSo. Ji leidZia stebéti agento mokymosi procesg sulétintame
rezime. Mokymasis vyksta siekiant minimizuoti pravaziuoty atkarpy skaiciy.
Numatyta galimybé pasirinkti skirtingus skatinamojo mokymosi algoritmus
Siam uzdaviniui spresti. Aplinka naudinga susipazjstantiems su skatinamuoju
mokymusi ir jo principais. Straipsnyje pateikiama nuoroda j aplinkos progra-
mos kodg ir instrukcijos, kaip ja pasinaudoti. Tai turéty iSplesti skatinamojo
mokymosi taikymus. Aplinkg galima iSbandyti ir stebéti, kaip vyksta skatina-
mojo mokymosi procesas naudojantis Sia nuoroda Nacionaliniame atviros
prieigos moksliniy tyrimy duomeny archyve MIDAS [8].
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Semantic Segmentation for Change
Detection in Satellite Imaging
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Abstract. Change detection is a common and actual problem in the field of
remote sensing. The classical approaches using raw pixel information are very
sensitive to noise. In this study we propose the usage of additional semantic
information for change detection. We use the semantic segmentation methods
like geospatial Segment Anything Model and encoder based U-Net to evaluate
the predictions and tracing the semantic information as well as raw information
in change detection. Later the multidimensional time series data is used via the
Vector Autoregression model to predict the future changes in the landscape.
The observations which fall out of the prediction interval are considered as the
changes in the landscape. The proposed method is evaluated on the dataset of
the random locations across the Baltic region. The research is accompanied by
the data and reproducible code at Github repository’.

Keywords: Deep learning, semantic segmentation, change detection, satellite
imagery, Vector Autoregression

1 Introduction

Change detection is a problem to object variations by observing them over
time. Satellite imagery is one of the domains where change detection is
widely used. Remote sensing change detection is applied by using data
from Earth-orbiting satellites and identifying the changes in the landscape
structural permutations which have happened throughout a specific time
track.

The change detection problem is analysed in classical mathematical
modelling methods as algebraic analysis difference [1] or regression [2].
However, any methods based only on pixel intensity are very sensitive

1 https://github.com/kursatkomurcu/semantic_segmentation_for-_change_detection_in_satellite_
imaging
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to noise. This common problem in computer vision, thus deep learning
methods could be used to overcome this problem [3]. Deep learning
methods for change detection could be divided into two groups based on
different approaches. First approach uses 3-channel RGB images, while the
second approach is based on multi-spectral imagery and contains more
band information.

The RGB imagery approach is widely used in the field of remote
sensing. The most popular method is based on U-Net [4] architecture.
The U-Net architecture is used in the field of remote sensing for semantic
segmentation [5] and change detection [6]. The U-Net architecture is also
used in the field of remote sensing for change detection in combination
with Siamese networks [7] demonstrating good results on cases like OSCD
dataset [8]. Some recent methods apply deep learning models using bi-
temporal images [9] or transformer based models [10].

The main challenges arise among approaches. The older satellite
images do not enable them to form bi-temporal images. The bi-temporal
images are formed by using the same place image taken at different times.
The relief displacement is also a problem in remote sensing [6]. The relief
displacement is a problem that occurs when the same object is imaged
from different angles. Finally the seasonality of weather conditions is also
a problem in remote sensing when climate conditions are changing, thus
the same place could be imaged in different seasonality and weather
conditions.

The addressing of challenges in remote sensing the deep learning
methods are suitable choices. While some successful feature extraction
methods could be used using end-to-end models [11] it raises the
computational challenges. To address this we focus on the semantic
segmentation methods. Very common approach is the usage of U-Net
models modifications for semantic segmentation [12]. On the other hand,
a recent successful model for semantic segmentation is Segment Anything
Model [13] which was adopted to remote sensing imaging [14].

The most common non-commercial application of change detection falls
under climate monitoring. For this current resolution of satellite imagery is
rather sufficient. The 10 to 60 meter resolution is from Sentinel-2 [15]. The
land site change detection for coastal zones is analysed [16].

The change detection is significantly impacted on noises and quality
of images [8] or non stationary objects in the images like [17]. Thus it
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encounters the problems of joining datasets [18]. The class imbalance is
also the common challenge [19, 20, 17, 21], mostly since background class in
general is not changing [18]. Finally, clouds and noises are also a challenge
[22] as increased saturation [17] or distorted colours [23].

The work is organised as follows. In Section 2, we discuss the proposed
methodology. In Section 3, we discuss the dataset. In Section 4, we discuss
the results. In Section 5, we discuss the conclusions.

2 Methodology

2.1 Semantic Segmentation

Semantic segmentation is a computer vision problem of assigning a class
label to each pixel in an image from a predefined set of classes. Let's
assume the input of format X e Re"* of image consistent of tensor X with
¢ - number channels, and width/height w, h respectively. The semantic
segmentation mask X e Rewxh contain L number of classes, where each
pixel is assigned to one of the classes. Such models could predict the class
of each pixel in the image [12]. In our experiments we used the U-Net like
model2. The pre-trained model had Building, Land, Road, Vegetation, Water
and Unlabeled classes. For the generic segmentation models like Segment
Anything Model [13] provide object mask prediction confidence score.

Upon completion of the segmentation process, the class probabilities
for each pixel are aggregated to calculate average class probabilities for
each image, forming a summarised representation of the segmentation
outputs. To integrate these segmentation results into the VAR model, we
construct feature vectors for each temporal pair of images by computing
differences in the aggregated class probabilities between the two time
points, thus capturing the changes in class distributions over time. These
feature vectors are then weighted by the confidence scores derived from
the segmentation phase, ensuring that the VAR model input emphasises
data with higher predictive reliability.

2.2 Vector Autoregression

The vector autoregression (VAR) is a model used to capture the linear
interdependencies among multiple time series data. The VAR model is a

2 https://github.com/ayushdabra/dubai-satellite-imagery-segmentation
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generalisation of the univariate autoregressive model (AR) [24]. The VAR
model is used to forecast tasks. The VAR model is defined as follows:

P
ye=8 +thYt—i+6t

i=1

where y,is ak x 1 vector of endogenous variables at time ¢, Bis a k x 1 vector
of bias, Q is a k x k matrix of coefficients for i-th lag, p is the order of the
VAR process, and ¢, is a k x 1 vector of error terms at time t. The confidence
interval of VAR models could be used either dynamic, or fixed. In our case
use t distribution confidence interval which is the same for each time step.
The critical value for the confidence level q, in our experiments we used a =
0.05. The VAR model was used using Python package statsmodel.

By transforming the class probabilities and confidence scores into a time-
series format, we enable the VAR model to utilise these inputs effectively
for forecasting landscape changes, ensuring that the transition from image
data to predictive modelling is both smooth and logical.

3 Dataset

The investigation of change detections covered a wide range of diverse
cases. We randomly chose 100 coordinates over the Baltic region (53,53100 -
59,69747 latitude values and 20,49722 - 28,22760 longitude) using uniform
distribution. After that, we used COPERNICUS/S2 satellite in Google Earth
Engine API to collect images of random chosen coordinates over the 2022 -
2023 time period. In our experiments, we used pixel intensities of B4,
B3 and B2 bands which represent red, green and blue colours. For each
coordinate, we made predictions using geospatial Segment Anything Model
[12] and collected 10U and score values. Class probabilities are collected
using the U-Net model. Cloud Probabilities collected using Google Earth
Engine API. In such the dataset for each coordinate consist of 11 features
of Raw Pixel Intensity of B4, Pixel Intensity of B3, Pixel Intensity of B2, I0U,
Scores, Probabilities of 6 classes and Cloud Probabilities.
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Table 1. Summary table

Index Lat Lon RMSE AIC Fall In CI
0 57.9822 27.5759 0.085 -92.993 %0
1 54.8303 21.8945 0.118 -123.880 %0
2 59.1785 24.5851 0.058 -92.618 %0
3 57.2123 24.1739 <0.001 None %99.363
4 55.4973 23.1317 0.089 -105.224 %0
5 59.5876 25.7885 0.053 -96.585 %0.746
6 57.2948 22.5929 0.093 -98.745 %0
7 53.6124 27.2380 0.080 -102.598 %0
8 54.6356 22.8023 0.096 -113.109 %0
9 56.6370 20.7791 0.112 -123.783 %0

Note: RMSE and Fall In Cl columns are values for Class2

4 Results

For each point, we collected sentinel-2 RGB images using scale 10 zoom
rate. Then, having the surrounding environment around the segmentation
predictions was made using relevant models for each image. Such enables
semantic information for each investigative pixel. After creating our
dataset, we used VAR model for selected index and forecast h = 12 steps.
The experiment we calculated root mean square error (RMSE), akaike
information criterion (AIC) and confidence intervals for each feature using
t distribution.

Figure 1 presents the general pipeline of approaches. The segmented
image semanticinformation is added to vector time series models, thus while
raw image data seems unchanged significantly, the semantic information
allows an additional control mechanism for quality assessment. Cloud
probability is often used to remove untruthful images, the same could be
done by tracking unchanged situations. The illustrative case in Figure 1 can
be seen for index 3 in the Table 1 above. Also one can see in Table 1 that
some testing images have high variation in raw data or some data was not
overlapped (black/empty image) over specific flight and 0 observations fell
in the confidence interval.
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Figure 1. The illustrative example of confidence interval of prediction of the VAR model,
which is used to detect the changes in the landscape.

5 Conclusions

In the study we investigate the estimation of non-changing temporal
situations in satellite imagery. The publication proposes the addition of
additional semantic information usage for tracking changes. The raw and
semantic information modelled by vector auto-regressive models. The
experiments demonstrated successful usage of the method. The identified
change-detection cases are often related to data obscures of not visible
areas. The publication is complemented with a reproducible repository of
method pipeline in Github3,
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Early and accurate detection of rare diseases is an important aspect of
reducing disease progression and improving the quality of life of the
affected people. It is estimated that there are about 36 million people in
the EU who suffer from more than 5000 rare diseases [4]. The majority of
these conditions are of genetic origin and usually appear in childhood. They
can often lead to disability, chronic illness, or even premature death [5].
It is difficult to accurately identify a rare disease because the symptoms
can be similar to those of more widespread illnesses. Patients that are
affected by such conditions constantly face delayed diagnosis, which can
lead to psychological and economic challenges for them and their families
[6]. Late diagnosis is associated with reduced quality of life and increased
mortality rates. Therefore, early diagnosis help doctors to closely monitor
the progression of the disease and avoid rapid negative changes in the
patient’s health.

Early detection of health risks is one of the key foundations of modern
healthcare. It allows doctors to carry out necessary tests and prescribe early
treatment to control the disease. However, the task of accurately and quickly
diagnosing rare diseases is very challenging for general practitioners who
may lack knowledge of these conditions [2]. In addition, rare diseases are
under-represented in the International Classification of Diseases, version
10 (ICD-10), which is widely used for disease identification [1]. Therefore,
there is a great need for new technologies to identify rare diseases.

Natural language processing (NLP) methods are rapidly gaining
popularity in the medical field as electronic health records (EHRs) are
increasingly implemented. These records are a rich source of data consisting
of structured and unstructured information. The structured data includes
the patient’s medical history, diagnoses, medications, medical and surgical
procedures, and allergies. The unstructured data consists of physicians’
free-text notes that can include important observations about patient's
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health. According to [3] NLP methods can be very useful for processing
unstructured data in patient health records. Specifically, they have been
used to uncover meaningful insights about Dravet syndrome from narrative
medical reports in electronic health records [3]. In addition, NLP methods
have also been used to analyze free-text clinical notes to detect depression
in patients diagnosed with breast and colorectal cancer [2]. However, the
application of such methods faces certain challenges. These caninclude data
quality, medical terms in different languages, or the complexity of medical
terminology in general. Some conditions may have different synonyms
and abbreviations to describe them. For example, “obsessive-compulsive
disorder”,"anancastic neurosis”,and “OCD" are the same disease. In addition,
symptoms can present similar challenges where patients’ complaints can be
described by medical terms and also by short phrases [2]. However, the
main difficulty is data annotation. In order to apply machine learning (ML)
algorithms, the data must be labelled. However, annotating rare diseases
in clinical notes requires expertise in specific fields, hence significant cost
and time from clinical experts [1]. Another scientific challenge is that most
rare diseases have a limited number of cases and may present with unusual
symptoms. Therefore, the development of NLP models that can handle
unique linguistic features and terminology of rare diseases is necessary.

Keywords: Early Detection, Rare Diseases, Natural Language Processing,
Electronic Health Records
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Santrauka. Siame straipsnyje aprasyta kaip tyrimy metu buvo bandoma pritai-
kyti masininj mokymasi reklamy aptikimui YouTube vaizdo jraSuose naudojant
transkribuotg teksta. Reklamy aptikimas buvo laikomas teksto klasifikavimo uz-
duotimi ir todél buvo naudojamas BERT Seimos masininio mokymosi modelis,
kuris pasiekia aukstus rezultatus sprendZiant teksto analizés uzdavinius. Taciau
Siam modeliui dél jvairiy priezas€iy buvo sunku pasiekti aukstg tikslumo lygj.
Bet naudojant antrg straipsnyje pasidlytg klasifikavimo Zingsnj, kuris atsizvelgia
j BERT modelio klasifikavima tam tikram laiko tarpe, rezultatai buvo pagerinti.

Raktiniai ZodZiai: MaSininis mokymasis, reklamos, transkribuotas tekstas.

1 Jvadas

Siais laikais YouTube vaizdo jrady turinyje yra daZnai jterpiamos rekla-
mos, kuriose jraso kdréjas perduoda informacija iS réméjy (angl. sponsor
segments). Sios reklamos ne visada yra aktualios ZiGirovams. Jau dabar yra
sistemy (viena i$ jy yra SponsorBlock), kurios, naudodamos vartotojy jkeltus
duomenis, Zymi ir praleidZia reklamas YouTube vaizdo jraSuose. Taciau Si
sistema turi trakumuy, reikia palaukti kol kiti vartotojai suzymeés reklamas ir
jei jrasas neturi ZiGrovy, naudojanciy SponsorBlock, reklamos niekad nebus
aptiktos.

Todel atrodeé vertinga bandyti sukurti automatizuota sistema, kuri atlik-
ty reklamy aptikimo procesg automatiskai, pasitelkiant masininj mokyma-
si. Kadangi galima pasiekti YouTube jrasy transkribuotg tekstg per Youtu-
beTransciptAPI, §j tekstg galima klasifikuoti naudojant masininio mokymosi
modelius. Sio tyrimo tikslas apmokyti masininio mokymo modelj reklamy
aptikimo uZzdaviniui naudojant transkribuoto tekstg ir pateikti modelio re-
zultatus vykdant reklamy aptikimo uzdavin;.
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article distributed under the terms of the Creative Commons Attribution License (CC BY), which permits unrestricted use,
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2 Literaturos apZvalga

Kadangi transkribuotame tekste reklamy paiesSka yra teksto klasifikavimo
uzdavinys, buvo nagrinéjama, kokie modernts modeliai yra tinkami atlie-
kant teksto klasifikavimg. 2017 metais buvo pasidlytas naujas masininio
mokymo modelis - transformeris [1]. Jis iSsiskyre iS kity modeliy, nes savo
architektdroje naudoja démesio (angl. attention) mechanizmga, vietoje kon-
voliuciniy sluoksniy.

Transformeriy architektdra buvo pritaikyta BERT (angl. Bidirectional
Encoder Representations from transformers) modeliams. BERT buvo sukurtas
2018 Google mokslininky [2]. BERT yra iS anksto apmokytas (angl. Pre-trai-
ned) modelis, kuris apmokytas MLM (angl. masked language modeling) ir NSP
(angl. Next Sentence Prediction) uzdaviniams spresti. BERT modelis gali bati
pritaikytas jvairiems nataralios kalbos apdorojimo uzdaviniams. PavyzdZiui,
GLUE (angl. General Language Understanding Evaluation) pasiekia 80 % jver-
tinima.

Taip pat BERT modelis gali bati sékmingai pritaikytas ne tik teksty angly
kalba analizei. Yra sukurtas lietuviy ir latviy kalbomis apmokytas BERT mo-
delis, kuris pasiekia aukStesnius rezultatus negu daugiakalbis BERT modelis,
taikomas lietuviy ir latviy kalby uzdaviniams [3].

3 Duomeny surinkimas

Kadangi nera tinkamos vieSos duomeny aibés apmokyti BERT modelj rekla-
my aptikimui YouTube jraSuose uzduodiai, Sio tyrimo eigoje buvo sudaryta
nauja duomeny aibé. Duomeny aibé buvo surinkta naudojant SponsorBlock
atviro kodo duomeny baze ir YoutubeTranscriptAPI. 13 SponsorBlock paima-
mas jraso URL (kad véliau baty galima paimti i$ YoutubeTranscriptAP! trans-
kribuotg teksta) startTime - reklamos pradZios laika, endTime - reklamos
pabaigos laika, votes - vartotojy jvertinima, type - turinio tipg. Kadangi duo-
meny kiekis didelis ir jy visy negalima patikrinti, pasirenkami tik tie jrasai,
kuriy tipas sponsor ir turi daugiau negu 100 teigiamy jvertinimuy.

Antra naudojant YoutubeTranscriptAPl ir URL paimamas jraso transkri-
buotas tekstas. GrgZzinamas tekstas yra suskirstytas j atkarpas (vidutiniSkai
40 simboliy ilgio). Taip pat grazinama, kurioje jraSo sekundéje atkarpa bai-
giasi ir kiek sekundziy atkarpa tesiasi.

Tada SponsorBlock duomeny bazés atrinktos reklamos ir i Youtube-
TranscriptAPI surinktas tekstas naudojami sudaryti mokymosi duomenis su

Konferencijos , Lietuvos magistranty informatikos ir IT tyrimai” darbai 69



klasémis. Kiekvienos transkribuoto teksto atkarpos pradzios ir pabaigos lai-
kai lyginami su iS SponsorBlock duomeny bazés surinktais reklamy pradzios
ir pabaigos laikais. Jei teksto atkarpos pradzios arba pabaigos laikas jkrenta
tarp reklamos pabaigos ir pradzios laiko, transkribuotas tekstas priskiria-
mas klasei 1 (klasé 1 Zymi atkarpas, kurios yra reklamos), kitu atveju priski-
riama klasei O (klasé 0 Zymi atkarpas, kurios néra reklamos).

Tokiu metodu i$ viso buvo surinkta 741815 transkribuoto teksto eiluciy.
700697 teksto eiluciy priklausé klasei 0, 41118 eiluciy priklausé klasei 1. Kla-
sei 1 priklause tik 5 % visy surinkty eilu¢iy. Surinkty duomeny pavyzdys yra
pateiktas 1 lenteléje.

Sis badas rinkti duomenis ikelia kelias problemas. Kadangi YouTube jra-
Sy karéjai po jkélimo turi kelis btdus modifikuoti jau jkeltg jrasa. Vienas is jy
yra iSkirpimas tam tikro fragmento jraso. Dél to gali bati, kad SponsorBlock
duomeny bazéje yra pazymeta reklama, kuri naujoje jraSo versijoje neeg-
zistuoja. Taip pat surinkti duomenys yra priklausomi, nuo kokius vaizdo jra-
Sus ziari SponsorBlock vartotojai ir kaip tiksliai yra pazymétos reklamos Siy
vartotojy.

1 lentelé. Surinkty duomeny pavyzdys.

Nr. Tekstas Klasé
1 luck cause this isn't even the hardest part yet 0
2 | just before this video gets going | want 1
3 | to give a special thanks and mention to 1
4 | nitrous networks our server provider for 1

4 Modelis reklamoms klasifikuoti

Siame skyriuje aprasomas BERT apmokymas su sudaryta duomeny aibe ir
apmokyto BERT modelio rezultatai sprendziant reklamy aptikimo uzduotj.
Taip pat apraSyta papildomo klasifikavimo Zingsnio veikimas ir rezultatai.
Papildomas klasifikavimo Zingsnis buvo naudojamas norint pasiekti auks-
tesnius klasifikavimo rezultatus.

4.1 BERT modelio apmokymas

Reklamy aptikimo i$ transkribuoto teksto uzduociai buvo apmokytas Bert-
ForSequenceClassification modelis, kuris yra BERT modelis, specialiai pritai-
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kytas klasifikavimo uzdaviniams su papildomais iSmetimo ir klasifikavimo
sluoksniais. Kadangi BERT modelio apmokymas su pilna sudaryta duomeny
aibe uztrukty ilgai, tyrimo metu modelis buvo apmokytas su mazesniu duo-
meny kiekiu. Apmokymas atliktas su dviem duomeny kiekiais, 100 ttkstan-
Ciy ir 200 tdkstanciy teksto eiluciy norint istirti duomeny kiekio jtakg BERT
modelio rezultatams. Taip pat iStestuoti dveji skirtingi klasiy balansai, origi-
nalus: 95 % - klase 0, 5 % - klasé 1 ir pakeistas: : 85 % - klasé 0, 15 % - klasé
1, ir to poveikis vertinimo rezultatams. Vertinimo duomeny aibe sudaré 30
tOkstanciy teksto eiluciy.

Visiems modelio mokymams buvo naudotas tie patys hiperparametrai,
kurie pateikti 2 lenteléje.

2 lentelé. Mokymui naudoti hiperparametrai

Partijos dydis 64
Epochy skaicius 4
Mokymosi greitis 2,5e
Maksimalus jvesties ilgis 128

Visy atlikty apmokymy rezultatai pateikti 3-5 lentelése. Visose lentelé-
se pateikti geriausiy epochy rezultatai. Geriausias bendras tikslumas (angl.
accuracy) gautas, kai modelis apmokomas su 100 takstanciy eiluciy su origi-
naliu klasiy balansu. Taciau, metriky reikSmes klasei 1 (reklamos) yra Zemos
palyginus su klasés 0. Pakeiciant klasiy balansg j 85 % - klase 0, 15 % - klasé
1, metrikos klasei 1 pageréja, taciau bendras tikslumas nukrenta. Padvigubi-
nus eiluciy kiekj apmokymui rezultatai pageréja tik labai nezymiai.

BERT modeliui gali bati sunku teisingai klasifikuoti klase 1, dél Sios klasés
retumo palyginus su klase 0. Kita problema galéty bati transkribuoto teksto
eiluciy ilgis. Eiluciy ilgis vidutiniSkai yra 40 simboliy ir galimai modelis gauna
nepakankamai informacijos, kad galety teisingai klasifikuoti.

3 lentelé. Mokymosi rezultatas su 95000 teksto eiluciy priklausant klasei 0, 5000 pri-
klausant klasei 1.

!Bendras Tikslumas AtpaZinimas F1-balas Klasé
tikslumas
0,96 0,99 0,97 0
0,95
0,57 0,29 0,39 1
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4 lentelé. Mokymosi rezultatas su 85000 teksto eiluciy priklausant klasei 0, 15000 pri-

klausant klasei 1.

F;endras Tikslumas AtpaZinimas F1-balas Klasé
tikslumas
0,97 0,95 0,96 0
0,92
0,37 0,53 0,44 1

5 lentelé. Mokymosi rezultatas su 170000 teksto eiluciy priklausant klasei 0, 30000 pri-

klausant klasei 1.

Bendras . _ .
tikslumas Tikslumas AtpaZinimas F1-balas Klasé
0,97 0,96 0,96 0
0,93
0,41 0,45 0,44

4.2 Papildomas klasifikavimo Zingsnis

Perzitreéjus kaip modelis klasifikuoja YouTube jrasy teksto eilutes pastebéta,
kad daznai pasikartoja dviejy tipy klaidos. YouTube jraSuose reklamos daz-
niausiai susideda i$ keliy, viena po kitos einanciy eiluciy. TacCiau BERT modeliui
sunku klasifikuoti visas reklamos eilutes. Reklamose atsiranda ,tarpai”, kur
neteisingai klasifikuojamos reklamos eilutés kaip ne reklamos. Gali bati, kad
Jtarpai” atsiranda, nes teksto eilutés yra trumpos (mazdaug 40 simboliy ilgio) ir
jose kartais néra pakankamai informacijos, kad modelis teisingai klasifikuoty.

Taip pat, kartais BERT modelis neteisingai klasifikuoja pavienes eilutes
kaip reklamas, nors jos néra reklamos ir yra apsuptos ne reklamos eiluc¢iy.
Sio tipo klaidos vadinamos triuk§mu. 1 pav. pavaizduota kaip ios klaidos
atrodyty pazymetos YouTube vaizdo jraso laiko juostoje.

- Ne reklama - Reklama D »Tarpas” klaida - ,Triuk§mas” klaida

1 pav. YouTube vaizdo jraso teksto klasifikavimo klaidy pavyzdys

Norint sumazinti Siy problemy jtaka rezultatams buvo kuriamas papil-
domas klasifikavimo algoritmas, kuris daré dvi prielaidas. Pirma, kad You-
Tube jrasuose reklamos yra vientisos, reklamos nebus pertrauktos trumpy
sakiniy, kurie néra reklamos dalis. Antra, reklamos yra tam tikro minimalaus
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ilgio, jei eiluté, modelio pazymeéta kaip reklama, bus apsupta eiluciy kurios
neéra reklama tai bus laikoma klaida.

Iteruojama per
visas eilutes

Ar like

eiluciy

Taip
I§sau'0mas Laiko suma ir
gomi skaitiklis
dabartinés W 2
e T inicializuojama
eilutes indeksas ¥ 1
kaip nulis

Skaitiklis+=1 ir
sekancios eilutés
laikas pridedamas

prie laiko sumos

Taip
v

_ _ Segmente randami
Visos eilutes tarp pirmas ir paskutinis
dabartinés eilutes ? indeksas

indekso ir indekso + analizuojamos klases

skaitiklis nustatomos
kaip analizuojamas
segmentas

Apskaiciuojama kiek

analizuojamos klasé

daZnai pasirodo tarp
pirmo ir paskutinio

indekso
Ar daZznumas Duomenys
didesnis uz Ne->| nenys -
5 nekeiciami
slenkstj

Taip
12

Visos teksto eilutés
tarp pirmo ir paskutinio
indekso pakeiciamos |

analizuojama klase

2 pav. Papildomas klasifikavimo algoritmas
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Pagal idéjg algoritmas panasus j vaizdy analizéje daznai naudojamas
morfologines operacijas: erozijg (angl. erosion) ir plétimg (angl. dilation).
Realizuojant algoritma naudojama i$ YouTubeTranscriptAPl gaunama infor-
macija. YouTubeTranscriptAPI grazina ne tik kiekvienos jraso eilutes teksta,
bet ir eilutés trukme sekundémis. Kiekvienos eilutés trukmé naudojama nu-
statyti, kiek aplinkiniy eiluCiy algoritmas analizuoja, norint nuspresti ar ap-
mokytas BERT modelis klaidingai klasifikavo eilute. Algoritmas nusprendzia,
kad BERT modelis klaidingai klasifikavo teksto eilute, priklausomai nuo kaip
daZnai pasikartoja tam tikra klasé analizuojamame segmente.

Algoritmo veikimas pavaizduotas 2 pav. Algoritmas turi keturis jvesties
duomenis:

+ Sgrasas BERT modelio kiekvienos eilutés klasifikavimo.

* Maksimalus analizuojamo segmento ilgis, kuris nustato kiek eiluCiy

analizuojama vienu metu.

+ Slenkstis, kuris nustato ar tam tikra klase pasikartoja analizuojamame

segmente pakankamai retai, kad tai baty laikoma klaida.

+ Analizuojama klasé. Jei analizuojama klaseé 1 atliekamas ,tarpy” salina-

mas. Jei analizuojama klasé 0 atliekamas , triukSmo” Salinamas.

6 lentele je pateikti vertinimo rezultatai pridejus papildoma klasifikavi-
mo zingsnj (BERT modelis apmokytas su 200 ttkstanciy eiluciy, 85 % - klase
0, 15 % - klase 1). Bendras tikslumas pageréja nuo 0,93 iki 0,95 ir Zymiai
pageréja F1-balas klasei 1, nuo 0,44 iki 0,55.

6 lentelé. Rezultatai naudojant papildoma klasifikavimo Zingsnj

pendras | rikslumas | Atpatinimas F1-balas Klasé
0,97 0,98 0,98 0
0,95
0,61 0,5 0,55 1
5 ISvados

Tyrimo metu buvo sudaryta nauja duomeny aibé, kurioje YouTube vaizdo
jrasy transkribuotas tekstas suskirstytas j reklamas ir ne reklamas. Duome-
ny aibé sudaryta naudojant vieSai pasiekiamus duomenis i$ SponsorBlock
ir YouTubeTranscriptAPI. 13 viso surinkta apie 740 ttkstanciy eiluciy. Su Sia
duomeny aibe buvo apmokytas BERT modelis reklamy aptikimo uzdaviniui.
BERT modelis pasiekia gana aukstg bendrg tiksluma klasifikuojant YouTube
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vaizdo jrasy transkribuotg tekstg j reklamas ir ne reklamas. Taciau rezultatai
reklamos klasei yra gana zemi, F1-balas yra tik 0,45, o ne reklamos klase F1-
balas yra 0,97. Pridejus antrg klasifikavimo zingsnj, kuris atsizvelgia j BERT
modelio klasifikavima tam tikram laiko tarpe, rezultatai pageréja, ypac rek-
lamos klasei. Reklamos klasés F1-balas pageréja nuo 0,45 iki 0,55.
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Abstract. Computer vision has become a fundamental area of interest in recent
decades. Each area has unique data which object detection methods can analyse.
However, it is important to find the most suitable parameters for the model
that detects different object groups. In this research has been investigated the
influence of pre-trained YOLOVS5 (nano (n), small (s), medium (m), large (1), extra-
large (x)) models, hyperparameters (learning rate, momentum, and weight decay)
and different image augmentation (hsv_h, degrees, translate, flipud, mosaic,
mixup, shear, perspective) efficiency for similar construction details detection.
A newly collected dataset with twenty-two labelled categories of construction
details was prepared. A total of 270 models were trained and evaluated. Every
model was evaluated with 3,300 test images which backgrounds were mixed,
neutral, and white backgrounds. The most accurate model was YOLOVS5I with
learning rate - 0.001, momentum - 0.950 and weight decay - 0.0001. This model
achieved - 0.5015 (50.15%) accuracy.

Keywords: YOLOV5, object detection, hyperparameters, constructions details.

1 Introduction

Computervision s a rapidly developing field of artificial intelligence designed
to enable machines to interpret and understand visual information from
the surrounding environment. By simulating the human visual system,
computer vision systems can extract meaningful insights from images and
videos, revolutionising various industries. From house number recognition
[17] to medical pills [1] and drones [2], computer vision algorithms play an
important role in analysing and interpreting visual data.

To get the highest object detection results, it is necessary to have the
proper data set. The most difficult problem in object recognition is similar-
looking objects. Similarity can be seen in shape, colour, and size. Object
detection, which is used to detect what fruit [3] is bought at self-service
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checkouts, can easily make mistakes regarding the type of apples because
of similarities in appearance. Image shooting angles, shadows, lighting,
distance, and other additional factors make different types of objects look
the same. The same problem exists when trying to detect construction
details.

This study looked at several types of pre-trained YOLOv5 models using
newly gathered construction detail datasets [12]. The training dataset
includes 440 photos (22 categories, each with 20 images). For testing, 3300
photos (22 construction details on mixed, neutral, and white backgrounds;
50 photographs for each group). The experimental inquiry was divided into
two stages: main and additional. In the main

stage, 135 experiments were carried out using the YOLOv5 models
nano, small, medium, large, and extra-large. The optimal learning rate,
weight decay, and momentum were observed. According to the main stage
learning curves and accuracy, an additional 135 models were built and
evaluated for potential accuracy improvements. The originality of this work
is a thorough investigation of 270 experiments in which various YOLOv5
hyperparameters were analysed. The findings may be useful in other
applications requiring the detection of similar feature items. Furthermore,
experimental results can help build the construction recommendation
model. It can be practically applied in a smartphone app that suggests
various constructions based on observed details in real time.

2 Objects Detection Methods Review

Popular object detection models are SSD [4], Faster R-CNN [5] and YOLO
group [6-10]. SSD as a single-shot detector, efficiently predicts bounding
boxes and class probabilities simultaneously, striking a balance between
speed and accuracy suitable for real-time applications. In contrast, Faster
R-CNN adopts a two-stage architecture, leveraging a Region Proposal
Network (RPN) to generate region proposals before refining and classifying
them. While offering higher accuracy, this approach sacrifices speed and is
more suitable for tasks requiring precision. YOLO predicts bounding boxes
and class probabilities for each grid cell, making it incredibly fast and ideal
for real-time applications, particularly for small objects.

Three different object detection methods have been examined using
medication pills. Correct identification is essential for safe medicine
administration. In a real-time pill recognition investigation, Faster R-CNN,
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SSD, and YOLOv3 recognition algorithms were employed to assess
recognition accuracy and speed. The tablets were randomly arranged, and
5,131 photos were captured. The dataset contains 70 capsules and 191 non-
capsules. The training parameters for each algorithm have been adjusted
to 64 batches, 16 sub-divisions, 0.001 learning rate, 0.9 momentum, and
0.0001 weight decay. Based on these findings, researchers determined
that YOLOV3 is faster than SSD and Faster-R-CNN. According to the mAP
indication, Faster R-CNN appears to be the highest (82.89%), however, its
detection rate is just 17 frames per second. The SSD-based model achieved
an average of 32 frames per second and 82.71% mAP. Compared to recent
models, the YOLOv3 achieves only 80.69% mAP, but it can significantly
improve detection rates and attain real-time performance at 51 frames per
second. As a result, it was determined that the YOLO group model would be
appropriate for real-time pill detection because it can recognize pills quickly
and with reasonable accuracy [1].

To efficiently use recognition to identify road traffic items, the optimum
object identification method must be discovered. Many object identification
algorithms have recently been released, although there is little material
comparing algorithms, such as YOLOvV5, which is focused on road traffic
objects. The article investigates SSD MobileNetv2, YOLOv3, YOLOv4, and
YOLOVS5 for real-time street-level item recognition. The dataset comprised
3,169 pictures with 24,1702 annotations. Five classes were identified:
automobiles (16446 comments), traffic lights (4790), crossings (1756), trucks
(761), and motorcyclists (349). The dataset was separated into three parts:
training (2010), validation (586), and testing (573). Each image was rescaled
with HSV scaling (-25 to 25), noise augmentation (up to 5% of pixels), and cut-
out (3 cells at 10% each) was also used. During the training phase of YOLO
group algorithms, the SGD optimizer was set together with 100 epochs.
Meanwhile, 32000 training steps were scheduled for the SSD MobileNetv2
FPN-lite. YOLOv4 had comparatively lower F1 scores, accuracy, and mAP
than YOLOV5I and YOLOv3. The data suggest that YOLOVSI is the most
accurate (Precision - 0.780) algorithm for this experiment. However, when
compared to the other YOLO models, the mAP rates were not significantly
different (SSD - 0.315, YOLOvV3 - 0.313, YOLOv4 - 0.304, YOLOVSI - 0.313,
YOLOV5s - 0.260). Also, YOLOv4 was the slowest of the models. Meanwhile,
YOLOV5 performs better than previous YOLO versions in terms of mAP@.5
and inference time. SSD MobileNetv2 FPN-lite had the lowest mAP@.5
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performance of any of the object identification algorithms tested in this
trial, with a score of 0.315. However, it is the fastest algorithm in the trial,
taking 6.3 milliseconds. The second quickest object detection technique is
YOLOV5s - 8.50 milliseconds, an F1-Score of 0.579, and a mAP@.5 of 0.530,
which is just 11% worse, and mAP@.5:95 is 17% poorer than YOLOVSI, the
most accurate model in this experiment. In conclusion, YOLOV5I is the most
accurate algorithm [8].

According to other research about SSD, YOLO, and Faster R-CNN, it was
decided to choose YOLOV5 due to the training time and accuracy ratio, the
lowest detection loss, prediction time and the best stability in the YOLO group.

3 Analysis of New Dataset

The first dataset of four [12] has been used only for the training phase. Each
of the different twenty-two classes of details was photographed only on a
white background (Figure 1, first image). Every detail was rotated twenty
times and photos from the new angle were taken. The training data set
contains 440 images because pre-trained [13, 14] YOLOvV5 models were
used. For the testing dataset, each construction detail was photographed
from fifty different angles on white (W), neutral (N) and mixed (M)
backgrounds (Figure 1, second image). These three different backgrounds
simulated the possible real-world environment. In general, 1100 images for
each background have been prepared, in total 3300 different images.

Figure 1. The samples of the datasets.

4 Experiment Methodology

Investigation of various hyperparameters efficiency for the accuracy of
YOLOV5 has been done. In the main research, 135 models were trained
and evaluated to find the highest accuracy in construction details detection.
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additional research in which other 135 models were trained and evaluated
according to main research training specifications, statistics and learning
curves. The research workflow is in Figure 2.

Main Research -135 ‘
experiments
OQ 3300 images of 22

construction details

‘ O Learning rate ,/ on three backgrounds
M 1
. % Q Weicgmh: l;:cr:y \ Oﬁ T(lp

R Epoch number
440 images .uf Image size \ @
22 °°“s"_":t'°" Batch size Additionaly Research - 135 YOLOVS " I
details Freeze option experiments n.s, m, |, x types —anl I —
Augmentation ‘/ Best parameters =
a / and models \ @ [lﬂn%
Q were found
Conclusions and
+100 epoch Final Results
+300 epoch
+600 epoch

Figure 2. The methodology of the experimental investigation.

The main stage of experiments was focused on hyperparameters, while
the additional stage was for additional epochs. For every experiment, pre-
trained YOLOV5 [13] was used. The models which were used are already
pre-trained with the COC0O2017 dataset [14]. The dataset contains 164,000
labelled images of 80 different objects. The models have been trained using
118,000 images, for validation of 5,000 images and testing 41,000 images.
During the experiment, every model was trained using Intel(R) Xeon(R) CPU
E5-2630 v4 @ 2.20GHz (20 Threads, 10 Cores). Hardware has been used
Linux operating system with 32-GB DDR4 RAM and GPU - Tesla P100 PCle
12GB.

The mean Average Precision (mAP) with a predefined IoU (Intersection
Over Union) threshold usually evaluates object detection results during
the training stage. Across experiments, models with low accuracy had low
mean Average Precision (mAP), and vice versa. After examining the learning
curves, it was decided to select models based on correct detection accuracy.
This is because models with similar training results showed significantly
different accuracy. Differences between models ranged from 100 to 200
detected construction details after testing.
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5 Results of the Main and Additional Research

Based on other research [17-19] and our pilot studies, the results have
shown that augmentation has a positive impact on detection accuracy.
Furthermore, experiments have shown that by freezing backbones, the
accuracy increases about 1.5 times. According to the overall results, the
detection accuracy is much better on a neutral background. However, all
models have been trained with images in which the background was only
white. In general, the pilot parameters became like this: image size - 320,
batch size - 32, epoch number - 300, layers freeze option - 10, hsv_h - 0.09,
hsv_s-0.7, hsv_v - 0.4, degrees - 0.125, translate - 0, scale - 0.5, shear - 0.9,
perspective - 0, flipud - 0.5, fliplr - 0.5, mosaic - 0, mixup - 0, copy_paste - 0.

The analysis of related works showed that most researchers focus on
learning rate, momentum, and weight loss [16, 17]. In the main research,
the nano (n), small (s), medium (m), large (l), and extra-large (x) versions of
the YOLOV5 have been trained using the parameters of the pilots research.
A total of 270 models were trained and evaluated. The parameters used in
the main research: learning rate - 0.01, 0.001, 0.0001; momentum - 0.9,
0.937, 0.95; weight decay - 0.0001, 0.0005, 0.0007. The other values of the
parameters were default. After the main research (135 trained models),
additional pieces of training were done because according to results, and
learning charts, some models are underfitting. Therefore, models that
trained with a 0.01 learning rate were trained additionally with 100, 0.001 -
300 and 0.0001 - 600 epochs. The results have shown that the highest
accuracy of the main research is equal to 0.5012 (50.12%). It was achieved
with the YOLOvV5I model with a learning rate equal to 0.001, a momentum
is 0.95, and a weight decay is 0.0007. In some cases, the correct detection
ratio was equal to 0. It happens because of the too short training time.
Therefore, additional trainings were made. However, for models whose
accuracy was 0, it became higher but overall did not make much of an
impact. The highest accuracy additional trained model was also YOLOVS5I,
learning rate - 0.001 and momentum - 0.950; however, the weight decay is
0.0001. This model achieved slightly better results - 0.5015 (50.15%). On
the other hand, the most accurate models of YOLOvV5 nano (n), medium
(m), and extra-large (x) achieved slightly lower results than models of the
main experiment (Figure 3).
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Figure 3. The percentage of correct detection ratio of each nano, small, medium, large,
and extra-large model.

As Figure 3 illustrates, according to the main research, YOLOv5n, which
has the lowest number of CNN, shows the lowest precision in the detection
ratio - 21.82%, while YOLOv5x with the highest amount of CNN achieves
47.85%. The different results for YOLOV5s (33.52%) and YOLOv5m (40%) is
6.48%. Similar ratios were achieved after additional experiments. YOLOv5
nano (n), medium (m) and extra-large (x) have slighter lower accuracies,
while small (s) and large (I) versions achieved slighter higher accuracies. In
both experiments, YOLOVSI showed the highest results. The main research
YOLOVSI - 1654 (mix - 497, neutral - 562, white - 595), while the additional
research YOLOVS5I - 1655 (mix - 496, neutral - 561, white - 598).

6 Conclusions

This study examined the impact of the training parameters and
hyperparameters on the identification of construction details. When
analysing similar feature data, the task complexity led to the selection of
construction details. Recognition is dependent on the shot's angle, which
is determined by the camera’s point of view. Throughout the study, the five
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pre-trained YOLOV5 models were examined. In total, 270 models have been
trained and evaluated. Three different complexity backgrounds containing
a total of 3300 photos were used to assess the efficiency models. Learning
rate, momentum, and weight decay were examined. Every parameter was
used in various combinations. According to the findings of the experimental
investigation, coloured images, an image size of 320, a batch size of 32,
epoch number of 300, an option of layer freeze of 10, data enhancement
is used, learning rate of 0.001, momentum of 0.95, and a weight decay of
0.0007 are the optimal parameters for the detection of construction details.
Another optimal parameter with almost similar accuracy can be the same
as it was mentioned but with a learning rate - 0.0001 and 900 epochs.
Regardless of the background chosen, the proportion of proper detection
in this case is ~ 50%. The results of the experimental investigation indicate
that the use of a mixed background yields the least detection results. The
primary cause is that some details become lost in the background, making
it impossible for the models to identify any details at all.
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Duomeny augmentacijos naudojant
generatyvinj besivarzantj tinklg saulés
kolektoriy segmentavimui i$ nuotolinio
stebéjimo vaizdy

Justinas Lekavicius

Vilniaus universitetas, Matematikos ir informatikos fakultetas,
Naugarduko g. 24, LT-03225 Vilnius
mea@justinaslekavicius.com

Santrauka. Populiaréjant saulés baterijy naudojimui didéja ir duomeny poreikis
planavimui bei valdymui. Deja, Sie duomenys sunkiai prieinami arba neegzistuo-
ja, o resursai, skirti segmentavimo modeliy mokymui, yra apriboti ir plétimui
reikia daug istekliy. Siame darbe panaudotas pix2pix generatyvinis besivarzantis
tinklas naujy nuotrauky generavimui i$ turimy duomeny, padidinant mokymo
iStekliy DeeplLabV3 segmentavimo modeliui kiekj. Naudojant Ziniy perkélima,
modelio adaptavima bei 60% sugeneruoty nuotolinio stebéjimo nuotrauky kaip
papildomus mokymo duomenis, padidintas aptikty kolektoriy kiekis, modelio
tikslumas (angl. accuracy) padidintas 0.78%, taiklumas (angl. precision) - 3.41%,
jautrumas (angl. sensitivity) - 2.49%, F1 metrika - 2.71%, loU (intersect over
union) metrika - 3.19%, o nuostoliai (angl. loss) sumaZzéjo 0.0282.

Raktiniai ZodZiai: gilusis mokymasis, saulés kolektoriai, semantinis segmenta-

vimas, duomeny augmentacijos, generatyviniai besivarzantys tinklai, nuotolinis
stebéjimas, Ziniy perkélimas.

1 |vadas

Atsinaujinantys iStekliai, ypac saulés energija iSsiskiria savo Svarios ir priei-
namos elektros gamybos galimybéemis. Saulés baterijy diegimo augimas
taip pat kelia duomenu, tokiy kaip tiksliy kolektoriy vietoviy, tipy ir specifi-
kacijy, paklausa efektyviam planavimui ir valdymui [1]. Visgi Sie duomenys
riboti, o jy trdkumui mazinti reikia laiko ir pastangy. Nuotolinio stebéjimo
ir giliojo mokymosi derinys iSkyla kaip sprendimas, naudojant palydovy
vaizdus saulés kolektoriy aptikimui ir analizei. Semantinis segmentavimas,
naudojant konvoliucinius neuroninius tinklus, tokius kaip FCN [2] ir U-Net
[3], leidZia tiksliai identifikuoti saulés kolektorius. Be to, pazangesni mode-
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liai, tokie kaip RU-Net [4], ir hierarchiniai metodai, naudojant EfficientNet-B5
zymety duomeny stokos ir yra poreikis jvairesniems duomeny rinkiniams
efektyviam modelio mokymui [6]. Duomeny augmentacija tampa ypac svar-
bi, o klasikinés augmentacijos bei generatyviniy besivarzanciy tinklai [7] at-
lieka svarby vaidmenj didinant duomeny kiekj. Sie tinklai, ypa¢ pix2pix [8],
suteikia galimybe generuoti tikroviskus vaizdus i$ jau turimy duomeny, pa-
pildant esamus duomeny rinkinius. Taip gerinamas modelio naSumas, ypac
palyginus su klasikinemis augmentacijomis (pasukimais, pakreipimais, ir
t.t.), kurios nesukuria visidkai naujy duomeny. Sio tyrimo tikslas - pagerinti
saulés kolektoriy segmentavimui naudojamo DeepLabV3 modelio naSumg
naudojant generatyvinj besivarzantj tinkla duomeny augmentacijai. Tyrimo
metu DeeplLabV3 modeliui naudotas ziniy perkeélimas ir modelio adapta-
vimas o duomeny stokos ir rankinio Zzymeéjimo problema spresta kuriant
naujus duomenis pritaikant pix2pix generatyvinj besivarzantj tinkla.

2 Duomenys ir metodai

Semantinio segmentavimo modelio ir generatyvinio besivarzanc¢io tinklo
mokymui naudoti penki skirtingi palydovy nuotrauky su saules kolekto-
riais ir jy semantinio segmentavimo kaukiy duomeny rinkiniai. Sie rinkiniai
yra skirtingy atvaizdo rezoliucijy (1024x1024, 400x400, 256x256), formaty
(BMP, PNG) bei erdviniy rezoliucijy (0.8m, 0.3m, 0.2m, 0.1m). Kiekvienos
erdvineés rezoliucijos duomenis sudaré 640 nuotrauky ir jy segmentavimo
kaukiy pory - i$ viso 2560 pory. Siekiant iSspresti atvaizdo ir erdviniy rezo-
liucijy skirtumy problema bei iSvengti skalés neatitikimy, atliktas nuotrauky
ir jy kaukiy dydziy perskaiciavimas, taikantis j bendrines 512x512 atvaizdo
ir 0.1m erdvine rezoliucijas. Nuotraukos, esancios mazesnés negu nustatyta
bendroji erdviné rezoliucija, padidintos, o tada apkarpytos j 512x512 rezo-
liucijg, atsizvelgiant j intereso regionus, t.y., saulés kolektoriy lokacijas nuo-
traukose, siekiant iSvengti informacijos praradimo. Pix2pix hiperparametrai
adaptuoti tinkamam segmentavimo kaukes (tipo A) pavertimui j nuotolinio
stebéjimo nuotraukg (tipg B). Segmentavimo modelis mokytas pritaikant
Ziniy perkélimo technika, t.y., mokymo metu modelio parametrus atnau-
jinant pasitelkus anksciau iSmokyto kito modelio Zinias, siekiant geresnio
modelio tikslumo. Modelis véliau adaptuotas i$ naujo mokant tik paskutinj
jo sluoksnj ,uzsaldant” kitus sluoksnius, t.y., nekeiCiant jy parametry, sie-
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kiant iSlaikyti Ziniy perkélimo naudg. Tuomet, remiantis paskutinio sluoks-
nio naujais parametrais, ,atSaldyti” ir mokyti visi like modelio sluoksniai.
Taip segmentavimo modelis tiksliau adaptuotas saules kolektoriy segmen-
tavimo uzduodiai.

3 Rezultatai

Modeliai mokyti naudojant 2560 nuotrauky-kaukiy poras. 80% duomeny
naudota modelio mokymui, o po 10% naudota validavimui ir testavimui.
Duomenys, naudoti modelio mokymui, taip pat panaudoti ir pix2pix mo-
delio mokymui - iS ty paciy duomeny sugeneruota 2048 naujy nuotrau-
ky-kaukiy pory. DeeplLabV3 segmentavimo modelis mokytas Sesiy ekspe-
rimenty metu, sukurti SeSi skirtingi modeliai. Modelis No_a mokytas su pra-
diniu duomeny rinkiniu, o modelis Basic_a mokytas pradiniam duomeny
rinkiniui papildomai pritaikant klasikines duomeny augmentacijas. Siekiant
patikrinti papildomy duomeny naudg, modelis Gan25 mokytas prapleciant
mokymo duomenis panaudojant 25% papildomy sugeneruoty nuotrauky-
kaukiy pory, o modelis Gan25a mokytas papildomai pritaikant klasikines
augmentacijas. Modelis Gan60 mokytas praple¢iant duomeny rinkinj op-
timaliu papildomy sugeneruoty duomeny kiekiu, o modelis Gan60a mo-
kytas pritaikant papildomas klasikines augmentacijas. Atlikus jautrumo
analize, t.y., mokant segmentavimo modelj vis pridedant po 10% sugene-
ruoty nuotrauky-kaukiy pory nustatyta, kad naudojant 60% visy Siy naujai
sugeneruoty duomeny iSgautas didZiausias modelio tikslumas, todél 1228
nuotrauky-kaukiy pory naudota kaip papildomi duomenys jau egzistuo-
janCioms 2048 poroms. Eksperimenty metu mokyty modeliy testavimo
rezultatai pateikti 1 lenteléje. Lyginant su modeliu No_a, mokytu naudo-
jant pradinj duomeny rinkinj, modelio Gan60 vidutinis pikseliy tikslumas
(angl. pixel accuracy) padidejo 0.78%, taiklumas (angl. precision) - 3.41%,
jautrumas (angl. sensitivity) - 2.49%, F1 metrika - 2.71%, loU (angl. inter-
sect over union) metrika - 3.19%, o nuostoliy (angl. loss) funkcijos verté su-
mazejo 0.0282. Svarbiausia metrika - loU, indikuojancios modelio tiksluma
aptinkant saulés kolektorius nuotolinio stebéjimo nuotraukose lyginant su
segmentavimo kauke. Taip pat padidéjo bendras gerai arba prastai aptikty
saulés kolektoriy nuotolinio stebéjimo atvaizduose kiekis, o neaptikty - su-
mazéjo.
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1 lentelé. Mokyty modeliy testavimo rezultatai, pritaikant Ziniy perkélimga ir adaptavima.

Aptikti saulés kolek-

Eksperi- | Vid. | Vid. | Vid. | Vid. | Vid. | . toriai (loU)
mentas tiksl. | taikl. | jautr. F1 loU iy Pras-
i Nuost. | Gerai > | Néra
(modelis) | (%) (%) (%) (%) (%) tai
>0.5 =0
<0.5
No_a 97.89 | 86.72 | 85.62 | 85.25 | 80.13 | 0.0650 | 229 12 15

Basic_a 97.88 | 89.63 | 86.51 | 86.50 | 81.32 | 0.0547 | 235 13 8
Gan25 98.09 | 89.11 | 85.94 | 85.71 | 80.42 | 0.0586 | 229 16 11
Gan25a 97.91 | 88.84 | 87.25 | 87.08 | 81.41 | 0.0550 | 238 8 10

Gan60 98.67 | 90.13 | 88.81 | 87.96 | 83.32 | 0.0368 | 237 | 11 8
Gan60a | 98.04 | 89.82 | 87.69 | 87.77 | 82.90 | 0.0611 | 238 9 9
4 ISvados

Ziniy perkélimas, modelio adaptavimo technikos bei duomeny augmenta-
cijos naudojant generatyvinj besivarzantj tinklg turi, palyginus su klasikiniy
augmentacijy naudojimu, didesne naudg semantinio segmentavimo mode-
lio naSumui. Padidintas aptikty saulés kolektoriy kiekis bei aptikimo tikslu-
mas, taip pat iSvengta rankinio papildomy duomeny Zyméjimo turint ribotg
kiekj duomeny. Skirtingi duomeny rinkiniai turi bati suvienodinti j bendrg
erdvine rezoliucijg bei vaizdo raiska, siekiant pastovumo modelio mokymo
metu, minimalaus informacijos praradimo ir skalés neatitikimo problemos
iSvengimo. Padidinus mokymo duomeny kiekj naudojant 60% sugeneruoty
nuotolinio stebéjimo vaizdy, iSmokytas segmentavimo modelis pademon-
stravo geresnes tikslumo, taiklumo, jautrumo, F1 ir loU metrikas.
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Abstract. While many arrhythmias pose minimal threat, certain heart rhythm
irregularities elevate the potential for stroke or heart failure. The complexity
arises particularly with the supraventricular premature heartbeat which
has a resemblance to a normal beat and occurs infrequently. Consequently,
this research proposes a data balancing and classification technique that
enhances the accuracy of identifying mentioned hard-to-classify heartbeats
while maintaining robust metrics for other classes. The study introduces a
deep learning framework combined with a multi-head attention transformer,
for balancing - under-sampling and synthetic minority oversampling are used.
To evaluate the proposed model, various experiments based on real data were
conducted. The results were compared with an existing model used in chest
belt heartbeat monitoring, and the results show that the transformer model
achieved better performance for supraventricular premature heartbeats, at the
same time reaching high overall and per-class metrics.

Keywords: ECG signals, Classification, Deep Learning, Transformer, Focal Loss,
Data Balancing Techniques, Heartbeats.

1 Introduction

According to the Lithuanian Institute of Hygiene, more than 22.5 thousand
people in Lithuania died in 2022 due to diseases of the circulatory system,
accounting for 53 % of all deaths in the country. International data also show
that Lithuania's cardiovascular mortality rates are well above the European
Union (EU) average and among the highest in the EU. While arrhythmias
can be detected from electrocardiograms, the process is time-consuming
and prone to errors even among experts. This underscores the significance
of automated electrocardiogram analysis. Automated classification of
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arrhythmias can alleviate the challenging daily workload for medical
professionals and facilitate earlier identification of cardiac disorders in
patients. Therefore, patients can receive appropriate treatment strategies
earlier.

The most common classes of heartbeats analysed in studies are three
or four - in this research three classes are chosen, namely supraventricular
premature heartbeats (S), normal heartbeats (N) and ventricular premature
contraction (V). For the classification of these heartbeats, different
machine learning and deep learning models can be used. Approaches
such as support vector machine, logistic regression, k-nearest neighbours,
and random forest have been used in scientific literature and have
demonstrated promising outcomes [3]. However, it has been noted that
heart rate classification techniques, which depend on manually extracted
features, frequently struggle to discern abstract relationships within
the data. Therefore, there is an increasing number of research articles
emphasizing the significance of using deep learning methodologies for this
purpose [5]. Deep learning transformers have also become increasingly
important in recent years, as they have attention mechanisms that give
more weight to more important elements in the input sequence. In the
arrhythmia classification task, the transformer relies on an attention
mechanism and uses the electrocardiogram segments as input to capture
global dependencies of signal values [5]. Researchers Rui Hu, Jie Chen, and
Li Zhou propose a transformer and neural network architecture wherein
a segmented one-dimensional electrocardiogram sequence serves as the
input, undergoing multiple one-dimensional convolutional layers. The
encoders within the transformer are constructed by iteratively stacking
layers with identical structures containing a multi-head self-attention
module and a feed-forward network featuring a single hidden layer [2].
The transformer exhibits versatility because it is adaptable not only to
convolutional architectures but also to recurrent neural networks. Given
the ability of recurrent neural networks to comprehend heart rhythm
characteristics, employing a recurrent neural network-based sequence-
to-sequence approach could prove advantageous in addressing cardiac
classification challenges [4].

The widespread applicability of transformers is evident, hence, in this
study, an architecture comprising deep neural networks and transformers
is proposed. A significant challenge lies in achieving robust classification
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accuracy when using patient data in the test dataset that was not included
in the training dataset. Given the anatomical variations among individuals,
models tend to emphasize these distinctions over differences in heartbeats
themselves. Furthermore, data imbalance poses a recurring complication,
as normal heartbeats are disproportionately represented compared to S or
V heartbeats, leading to inflated overall metric values primarily driven by
the abundance of N class data. Therefore, different data balancing methods
are used to overcome this problem [1].

In this research, we seek to improve the supraventricular premature
heartbeat classification recall metric by using a transformer model. Further-
more, the impact of different balancing techniques on classification metrics
is analysed to find whether data balancing improves metrics. The rest of this
paper is organized as follows. In Section 2, information about real data used
in the research and its processing is provided. The proposed methodology
is discussed in Section 3, while in Section 4 the experimental results are
compared and presented. Finally, conclusions are drawn in Section 5.

2 Data

This study utilises data collected from a chest belt for heartbeat monitoring
created by Zive company. The dataset consists of 1086 recordings from
102 patients, each lasting 10 minutes. Each recording is subsequently
segmented into individual signals. Across the dataset, there are 730860
N heartbeats, 6550 S heartbeats, and 17463 V heartbeats. For additional
data combinations and experiments, data from the PhysioNet MIT-BIH
Arrhythmia Database is utilised. In the MIT-BIH dataset, which is also
used for chest baseline CNN model training, there are 88349 N, 2668 S, and
6783 V heartbeats. While comparing the two datasets, the Zive dataset has
more occurrences, especially N heartbeats.

The R peaks of the signals are identified to divide the recordings into
heartbeat segments. Following the detection of each R peak, the local minima
from the left and the right sides (Q and S’ peaks) are found. These peaks
create a QRS complex. Additionally, as shown in Figure 1, supplementary
parameters such as RRI (the number of signal values to the left closest R
peak) and RRr (the number of signal values to the right closest R peak) are
computed to ascertain the signal length. The signal is defined as 70 % of RRI
values to the left and 70 % of RRr values to the right. A transformation to
functional data is then used to standardize all segments to a length of 200.
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Analysed peak

wl wr

Figure 1. Additional parameters computed from signals. RRI - R peak from the left, RRr -
R peak from the right, wl - 70 % of RRI, wr - 70 % of RRr.

Afterwards, data is divided into training, validation, and testing sets.
Each set consists of different patient data that were divided into sets by
hand to have similar class distributions in all datasets. In the datasets, all
200 signal values, additional derivative features, P, Q, R, S, P values and
positions are used.

In the under-sampled dataset, N class occurrences are reduced to 100
thousand while in the SMOTE dataset, N class is reduced to 100 thousand,
S class synthetically increased to 20 thousand and V to 40 thousand
occurrences. For experimental analysis, different class proportions were
used but in further analysis, it was decided to use classes S and V with a
balance of 1:2 to have closer to real-life occurrence distribution, in addition
to promising first received results. SMOTE numbers are chosen not that
large because the synthetical creation can introduce noise and inaccurately
imitate heartbeat data. In the original training dataset, there are 380025 N,
4796 S and 11572 V signal segments.

3 Methodology

For data balancing, two different techniques are used: random under-
sampling of class N signals and synthetic minority oversampling (SMOTE)
[11 of S and V signals in the training set. Random oversampling is not used
in this case as the number of S and V classes is very low, and experiments
showed that the model tends to learn how to identify only one class with
high metrics. SMOTE algorithm creates a new sample for each instance x;
using x; and its k nearest neighbours in feature space, as defined in the 1
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equation. In the equation, X is a new example synthesised from the sample
x; and a randomly selected sample X from the nearest neighbours of x; and
Ais a random value from the interval [0, 1] [1].

x'i = X + l(x] - Xi) (1)

A custom Focal Loss function is defined and used in the model which is
particularly effective for imbalanced datasets, such as those often found in
medical diagnosis tasks. This loss function prioritizes challenging instances
over simpler ones by adjusting the alpha values used in computations,
thereby enhancing focus on harder-to-classify examples. Focal Loss is
implemented by adding a modulating factor to the Cross-Entropy loss. In
Formula 2, a is considered a weighing factor, p; is the predicted probability,
b is the logarithm base, n is the number of elements being predicted while
y is the focusing parameter. y rescales the modulating factor such that the
easy examples are down-weighted more than the hard ones, reducing their
impact on the loss function.

i=n
Focal Loss = = ) a(i = pi)" logy(py) 2)
i=1

The proposed model in the research is created using PyTorch Lightning
newest version used for streamlined model development and training.
The model shown in Figure 2 starts with a multi-headed self-attention
mechanism allowing the model to focus on different parts of the ECG
signal simultaneously. That is why the input length must be dividable by
the number of heads used in the attention mechanism. The mechanism
is followed by feed-forward networks within each encoder block. Layer
normalization and residual connections stabilize training and facilitate
deeper networks. For the transformer encoder, encoder blocks are repeated.
Finally, the output from the transformer encoder is passed through a final
layer to produce predictions for the ECG signal classes. The decoder part
is not used as the encoded signal does not require translation back into a
signal for class predictions. The model adopts a 6-layer depth, and a batch
size of 128 because it yields better outcomes to 32, 64 or 256. What is more,
dropout is integrated to prevent model overfitting, alongside the utilization
of alearning rate scheduler and early stopping mechanisms. Optimal epoch
checkpoints are stored based on validation loss criteria.
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Figure 2. Proposed model architecture scheme that displays the overall model flow and
transformer encoder elements.

Base line model is a convolutional neural network with 13 convolutional
layers, each followed by batch normalization and activation layers. Batch
normalization helps to stabilize and accelerate the training process, while
activation layers introduce non-linearity to the network. Additionally, there
are two dense layers, a global average pooling layer that helps to reduce the
number of parameters. Finally, an output layer is added at the end of the
model architecture.

4 Results

For different model and dataset results comparison recall is used as it shows
the fraction of instances in a class that the model correctly classified out
of all instances in that class. For overall metric calculation macro average
recall is chosen to have the classes weighted equally as the amount of N
occurrences would distort the results - the weighted metrics would be high
even if individual class metrics would be low for S and V classes.
Comparing the model currently used in chest belts and the transformer
model with different balance datasets, it is seen from Table 1 that the
highest macro average recall for all classes combined is achieved using the
transformer model and under-sampled dataset, the metric reaches 0.822
value. Because the research aims to increase class S recall while having N
and V class high metrics, the transformer model with an under-sampled
dataset achieves 0.570 recall for the S class, which is 0.092 higher than the
model in chest belts. N and V class recall values are also high - 0.942 and
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0.955 respectively. As for the transformer model with SMOTE dataset, it also
achieves promising results, especially for the V class where recall rockets up
to 0.983. Regarding the transformer model with original dataset, different
parameters and architectures were tried but if one class metrics rise, the
other two class metrics decrease.

Table 1. Model recall results using different balance datasets. The model whose results
are aimed to be increased is also included for comparison.

Model N recall | S recall | V recall Macro
avg. recall
Baseline model 0.997 0.478 0.934 0.803

Transformer model + under sampled 0.942 0.570 | 0.955 0.822
dataset

Transformer model + SMOTE dataset 0.929 0.550 |0.983 0.821
Transformer model + original dataset 0.932 0.559 |0.877 0.789

The model used in chest belts has a high weighted average precision
of 0.986, recall of 0.987, and f1-score of 0.986 as it learned well class N
occurrences and predicts this class most of the time correctly. Because in
the test dataset class N appears more often than class S, the overall metrics
are high. As for the model with the highest macro average recall score,
which is the transformer model used with an under-sampled dataset, the
weighted average precision is 0.984, recall 0.939, and f1-score 0.959. In this
case, the metrics are also high, while the predictions for the S class have
improved.

5 Conclusions

In this paper, we proposed a transformer model which classifies ECG signals
into three heartbeat classes. The model architecture and parameters
are changed accordingly to experiments made using different balance
datasets - under-sampled, oversampled using the SMOTE technique, and
the original dataset. In the training, validation, and testing datasets, different
patients were used to avoid bias and model learning features relevant to the
individuals, not the differences in heartbeats. The best results are received
using the proposed transformed model and an under-sampled dataset. The
model achieved a macro average recall score of 82.2 %, while the accuracy
for the S class, which is the hardest to classify, increased by 9.2 % comparing
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the results with a baseline model. In the future, our focus is to increase even
more class S metrics by trying out different class proportions in datasets,
introducing noisy signals to understand how the model performs when the
signals are not high quality, and using transformers together with other
deep learning architectures.
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Abstract. Formal specifications are mathematical descriptions of the desired
system functionality. Since they are usually written separately from the software
itself, it is important to ensure that the software implements what the specifi-
cation requires. A common approach to achieve this is to have a specification
detailed enough to generate source code but those are rarely written due to
expertise required. If code is not generated, then currently there is no straight-
forward way to reliably show that implementation conforms to initial formal
specification. This research attempts to define a way to extract formal TLA* spe-
cification by translating Elixir source code and generating detailed specification
to give the system developer the ability to show that it refines the initial one.

Keywords: TLA*, Elixir, translation, specification refinement, distributed sys-
tems, message passing.

1 Introduction

Distributed systems are well known for their complexity [1]. As a result,
many methods have been developed to prevent mistakes during their
development, formal specifications being one of them. However, even
having a formal specification is not a guarantee of a correct system - there is
also a matter of ensuring that implementation conforms to the specification.
Since manual analysis is slow and error-prone, several automated methods
have been developed over the years to simplify the process, such as
generating implementation code from a rather detailed specification (e.g.
[2]). In this paper we attempt to go the other way - to develop a method
to extract a detailed TLA* specification from Elixir source code. We do that
by defining the Elixir source code translation into TLA* and generating the
detailed specification. Later, refinement mapping could be shown between
the generated specification and a more abstract one, thus demonstrating,
that implementation has the same properties as the abstract specification.
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This approach allows avoiding frequent manual changes to detailed
specification as the code changes, which results in development process
simplification and a decrease in developer expertise required.

We define translation for source code written in the Elixir programming
language [3]. It is a language for BEAM virtual machine, which, due to its
process model, makes it easy to develop a distributed system. Elixir also
has extensive abstract syntax tree manipulation capabilities [4], which helps
with source code analysis.

TLA* [1] has been chosen as a target for our translation. It is a formal
specification language, developed to address the challenges posed by
specifications of distributed systems. It is a mathematical specifications
language, which makes it programming language agnostic and allows
specifying systems on a higher level than code.

There have been attempts to develop specification extraction in the past
for Erlang programming language, which is another language for BEAM
virtual machine, e.g. [5], which translates Erlang into uCRL specification
language. We base our work on previous work done for Elixir and TLA* -
[6], which develops a way to translate and generate sequential code into
PlusCal and from there into TLA*. In this paper, the focus is on extracting
specification for interprocess communication - how messages are sent
between the processes. We base our translation on GenServer module usage
- it is an Elixir standard library module that simplifies the development of
processes that receive messages and keep state [4]. This allows us to look at
the system from a higher level and abstract details which are not important
for message passing between processes.

In this paper term “translation” refers to the process of turning one
language into another, in our case Elixir into TLA+. Term “generation” refers
to the automated creation of detailed specification files which contain the
translated source code.

2 Distributed systems model

We model a distributed system as a set of processes, which send messages
to and receive from a global set of inflight messages. Each process is
completely synchronous and independent from others. We consider the set
of messages in flight unordered; messages can be delivered to processes
in any order. We also assume that processes do not crash, they cannot be
created nor destroyed.
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We base source code translation on GenServer Elixir module usage,
i.e. we consider only implementations that use functions from this module
to communicate between the processes. We consider such a decision
justified since the GenServer module is a part of the standard library and is
commonly used for such tasks.

3 Sequential code translation

Sequential code specification extraction is out of the scope of this
investigation. However, we partially define it to the degree that is necessary
to extract specification for message passing. Here we present a basic
outline of our translation method, albeit incomplete. It is based on an idea
developed in earlier work [6].

Since Elixir is a functional programming language, it is convenient to
translate sequential code in units of functions. Therefore, each function
is expected to be translated into a separate TLA* module. In Elixir it is
possible to give several definitions for the same function, which would be
differentiated by passed arguments - during runtime, the first definition,
where arguments match parameter types, is executed. In general, it would
be more widely applicable to have such pattern matching done inside the
function module, however, for our purposes, it was sufficient to treat such
definitions as separate functions.

We treat Elixir functions as a series of expressions that are executed
one after another. We expect sequential code specification to reflect this
- generated specification should consist of a series of operators each of
which is a translation of an expression in Elixir. These expressions should be
deterministic, that is, given the current process state, they should produce
the next process state. For example, given the following Elixir function:

def send(n) do
other_function(n + 1)
end

it could be translated as a set of TLA* operators shown in Listing 1.

linel(proc) =

P! call(proc, "other_function", (P! arg(proc,1) + 1))
line2(proc) =

Plreturn(proc, P! return_value(proc))

Listing 1. Example function expression translations.
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In the example above, function body, consisting of a single expression
is translated as two separate expressions, linel and line2. The first one
represents the function call together with incrementing its parameter by
one while the second one returns the result of the previous function call
to the caller. As is evident by this example, not all Elixir expressions are
represented as separate expressions in the translation (e.g. parameter
increment), nor each operator in translated specification is explicitly
reflected in the source code (e.g. function return).

We make use of our Process TLA* module, which provides operators to
access and control the process state. They allow to abstract away the details
of common actions away from function modules, making them simpler to
translate automatically. Like function expression operators, they are also
completely deterministic. This module is included locally in each function
module with INSTANCE TLA* command, as shown in Listing 2. INSTANCE
command applied as shown includes all the identifiers of the Process
module under the namespace P, with Process module constant Processes
replaced with Processes identifier from the current module [7].

LOCAL P £ INSTANCE Process WITH Processes < Processes

Listing 2. Process module inclusion in function modules.

Function expression operators are meant to be local to the function
module. The rest of the generated specification uses line_enabled and line_
action operators. line_enabled operator is meant to check if some process is
supposed to execute any expression in the current function module. Typically,
itshould delegate to the Process module operator of the same name. Similarly,
the line_action operator is given the current process state and a line to execute
on that process state and delegates to a correct expression in the module.

Elixir GenServer module function calls are not translated as regular
function calls. Instead, we define TLA* GenServer module, which operators
serve as direct equivalents.

4 Specification generation for the entire program

The entire distributed system specification is generated from a template,
gaps in which are filled in with source code parts translated into TLA*.
This template defines a general execution model for the entire distributed
system and handles message deliveries between the processes.
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The state of the entire system is split between three variables: procState,
sysState, and messageQueue. The last of these, messageQueue, is a set of all
messages which still have not been received while others store the state of
the system itself as it is known for each process. procState contains mostly
the values used in specification parts that describe the sequential code
execution, e.g. function modules. For example, the value of the procState
variable determines which function expression should be executed on any
given process. Meanwhile, sysState contains values required for distributed
system specification, e.g. what message is currently being processed.
sysState contains part of the internal GenServer Elixir module functions
state. Such separation increases the modularity of the whole method and
simplifies the model-checking of any part of sequential code separately
from the rest of the generated specification.

Communication between the processes is modelled by a combination
of actions, some of which are generated from source code, while others
are predefined. Message-receiving actions are generated from GenServer
module callback functions handle_cast and handle_call headers. Listing 3
shows how the following GenServer handler function header is translated:

def handle_cast({:client, num}, state)

The main purpose of the formula in Listing 3 is to match the message in
the messageQueue and call the respective message handling function with
the actual message and current process state as parameters. The actual
functionality of the message handler function is to be specified by the
function module, the same as for any other sequential code.

handlerl 2
Im € messageQueue,t € Processes
Am.to =t

Am.msg[1] = "CLIENT"
A P!waiting(procState[t])
AprocState’ = upd_proc_state(t,
Plcall(
Plto_finished(procState[t]),
handle_cast! name,
(m.msg, sysState|[t].state)))
AmessageQueue’ = M!drop(messageQueue, m)
AsysState' = upd_sys_state(t,S ! set_reply_to(sysState[t],m))
A UNCHANGED nextMsgld

Listing 3. Message receiving action example.
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Other actions related to message passing are there to ensure the system
state is updated as expected after the received message is handled and to
take care of synchronous communication. handler_finished action does both
jobs simultaneously - it updates the system state after the handler finishes
and sends out the response message, which may be returned by the handler
function. The other two actions, waiting_responses and deliver_responses are
there to correctly translate GenServer multicall function call which sends
the same message to several recipients and waits for their responses. We
do not provide definitions for these actions here due to space constraints;
definitions can be found in the code repository.

Sequential code execution is specified by function_lines action. It is defined
as a disjunction of formulas of the structure shown in Listing 4. The entire
disjunction is also existentially quantified to select any process, which allows
to model-check different expression execution orderings for a group of pro-
cesses. fn_line operator is displayed in Listing 5. If some function expression can
be executed, it updates the process state, sends out all produced messages
and starts waiting for replies to the synchronous messages sent.

Al € function! lines:
LET
line_enabled £ function! line_enabled(procState[p],
line_result = function! line_action(procState[p], 1)
IN
fn_line(p, line_enabled, line_result)

Listing 4. Structure of function module expression execution block.

fn_line(process, line_enabled, line_result) =
LET
becomes_blocked £ P! blocked(line_result)
complete_messages = M! full_msgs(line_result.sent_msgs)

A line_enabled
AprocState’ = upd_proc_state(process, line_result)
A messageQueue’ = M! bulk_send(messageQueue, complete_messages)
AnextMsgld' = nextMsgld + Cardinality(complete_messages)
A IF becomes_blocked THEN
sysState’ = set_wait_replies_for(process, complete_messages)
ELSE
UNCHANGED sysState

Listing 5. fn_line operator definition.

https://github.com/mr-frying-pan/master
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In all listings provided in this section, we use operators from modules
referred to as M and S. These names stand for Messaging and System
TLA* modules, respectively. Similarly to the Process module described in
Section 3 these modules provide operators for their respective areas -
message passing and system state modifications. They are included in the
specification in the same way as the Process module - using INSTANCE
command.

5 Work in progress

Experiment to verify the applicability of the developed method to a realistic
algorithm is currently in progress. We have generated a specification for our
implementation of Bracha reliable broadcast [8]. We attempt to show that
the generated specification is a refinement of an abstract Bracha reliable
broadcast specification. Abstract specification of Bracha reliable broadcast,
our Elixir implementation and generated specification for it are available in
the source code repository?.

Message-passing part of the specification was generated according
to the proposed method. To perform model-checking, sequential code
specification is also needed. Since sequential code generation is outside the
scope of this investigation, it was written manually. Despite that, manually
written function modules retain the required operators so that they can be
used in generated specification with minimal changes to it.

We try to show the refinement with model-checking, by showing that
abstract specification holds as a property when model-checking generated
specification. So far, an initial refinement mapping has been defined;
however, the correctness of the mapping is yet to be shown, and we
continue tuning the refinement.

6 Conclusions

The developed translation method is modular, different modules
encapsulate their respective areas well. If necessary, it is possible to prove
properties for any module separately, for both predefined modules and

Repository can be found in https://github.com/mr-frying-pan/master.
Abstract specification is in gen_spec/tla/BrachaRBC.tla.

Our Elixir implementation is in bracha/lib/bracha.ex.

Main generated specification file is gen_spec/tla/bracha.tla.
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sequential code modules. We attempt to limit the state explosion by having
completely deterministic operators where it is possible to have them,
making the number of states dependent on initial inputs.

Future work in the area is needed to further limit state explosion since
currently there are a lot of orderings sequential expressions could be
executed in, in addition to the message delivery orderings.

Also, more work is needed to obtain a fully functional specification
generator. Currently, we generate only overall specification, without the
function modules while the bulk of functionality for some algorithm often
would be implemented as sequential operations. The sequential code
generator is currently being developed and will have to be incorporated
into the existing one once it is finished.

Synchronous communication between processes also requires future
work, especially the specification of timeouts. It is possible to add timeouts
into our specification, but it would require handling process failures and
errors.
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Santrauka. Siandien internetas tampa nepakei¢iamas informacijos 3altinis, ku-
riame gausu jvairiy atsiliepimy apie jsigytus produktus ar paslaugas. Sie atsi-
liepimai teikia vertingg informacijg jmonéms, norinioms geriau suprasti savo
klienty poreikius ir IGkescius. Vienas i$ efektyviausiy bady iSgauti jZvalgas i$ at-
siliepimy yra naudoti nuotaiky analize. Siame tyrime aptariama, kiek klienty yra
patenkinti ir nepatenkinti draudimo sektoriaus teikiamomis paslaugomis bei sia-
lomais produktais, taip pat nuotaiky priskyrimui buvo naudojami skirtingi vekto-
rizavimo ir klasifikavimo metodai, kad baty pasiekti geriausi rezultatai. Analizei
atlikti naudojami du duomeny rinkiniai - produkto jsigijimo ir atsiliepimai apie
Zalos iSmokéjima po draudiminio jvykio. Tyrime naudojami du vektorizavimo ba-
dai - Zodziy maiSo ir TF-IDF bei trys klasifikavimo metodai: atraminiy vektoriy,
naiviojo Bajeso bei ilgalaikés trumposios atminties modelis. Atlikus tyrimg gauta,
jog klienty atsiliepimy nuotaikas geriausiai klasifikuoja naiviojo Bajeso klasifika-
torius su TF-IDF vektorizavimo badu, kai tikslumas siekia 91% abiem duomeny
rinkiniams. Atsiliepimams po produkto jsigijimo gautos preciziSkumo ir atkdrimo
metrikos teigiamam sentimentui 93% ir 97% atitinkamai, neigiamai klasei 73% ir
55%. Teigiamai klasei po zaly atlyginimo gautas preciziSkumas 93% ir atkarimo
metrika 96%, o neigiamai - 82% ir 72% . Pritaikius atraminiy vektoriy klasifikato-
riy su skirtingomis vektorizavimo technikomis gauta tikslumo jvertis 89%.

Raktiniai ZodZiai: nuotaiky analizé, natdralios kalbos apdorojimas, masininis
mokymasis, TF-IDF, ZodZiy maisas.

1 |Jvadas

Siais laikais socialiné Ziniasklaida atlieka labai svarby vaidmenj beveik kiek-
vieno Zzmogaus kasdieniame gyvenime, pavyzdziui, suteikia vartotojams ga-
limybe iSreiksti savo nuomone apie tam tikrg produkta ar paslaugg [6, 10].
IS tikryjy vis dazniau Zmonés pasikliauna kity klienty patirtimi ir naudojasi
atsiliepimy apzvalgomis, kurios padeda nuspresti produkto jsigijimo svar-

Copyright © Donata Petkuté, Grazina Korvel, 2024. Published by Vilnius University Press. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (CC BY), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

DOI: https://doi.org/10.15388/LMITT.2024.15


https://doi.org/10.15388/LMITT.2024.15

ba. Vieni Zmonés produktui skiria keturis ar penkis balus ir iSreiSkia galutinj
pasitenkinimg produktu, o kiti skiria vieng ar du - iSreikSdami visiSkg nepa-
sitenkinima. Tai nekelia jokiy sunkumy siekiant suprasti klienty nuotaika.
Taciau kiti Zmones skiria tris balus, nors akivaizdziai iSreisSkia visiSkg pasi-
tenkinimg produktu. Tai klaidina kitus klientus, taip pat jmones, norincias
suzinoti tikrgja nuomone [2]. Jmonéms tampa batina suprasti Zmoniy nuo-
taikas, tam kad galety istirti vartotojy nuomone ir poziarj j jy paslaugas bei
atrasty naujy verslo strategijy [3, 12]. Siekiant geriau suvokti bendrg varto-
tojy pozidrjir pasitenkinimg teikiamomis paslaugomis, verta atlikti nuotaiky
analize, kurios metu bandoma nustatyti ar sakinys yra teigiamas, ar neigia-
mas. [10, 11]. DaZnai produktai neatitinka klienty laokesciy, todél nuotaiky
analizés naudojimas po naujo produkto iSleidimo j rinkg, bendrovéms gali
padéti suprasti jo trakumus ir pranasumus [3]. Taciau visuomenés nuomo-
neé apie tam tikrg temga laikui bégant kinta, todél siekiant nustatyti tendenci-
jas bei sezoniSkuma svarbu atlikti analize laike. Be to, tokia analizé padeda
nustatyti nukrypimus, kurie gali bati susije su jvykiais, sukélusiais nuotaiky
pokycius [4].

M. F. Madjid ir kt. atliko nuotaikos analize, nagrinédami programy atsi-
liepimus, naudodami atraminiy vektoriy modelj (angl. Support vector ma-
chine, SVM) ir naiviojo Bajeso (angl. Naive Bayes, NB) klasifikatoriy [16]. Tyri-
me gauti rezultatai rodo, kad atraminiy vektoriy metodo tikslumas pasiekia
94,29 %, o Naiviojo Bajeso klasifikatorius - 93,97 % tiksluma. Tuomet atlie-
kant oro linijy atsiliepimy nuotaiky analize A. M. Rohat ir kt. naudojo naivio-
jo Bajeso ir atraminiy vektoriy modelj. Rezultatai taip pat parodé, kad oro
linijy atsiliepimy atveju SVM uztikrina daug geresnius tikslumo rezultatus
(82 %), o NB algoritmas - tik 76 % [14]. Kitg sentimenty klasifikavimo anali-
ze atliko JJ. A. Limbong ir kiti tyréjai, kuriuo metu buvo naudojami naiviojo
Bajeso ir k artimiausiy kaimyny (angl. k-nearest neighbors, KNN) klasifikato-
riai, rezultatai parode, kad KNN metodas veikia geriau, jo klasifikavimo tiks-
lumo verte yra 92,8 %, palyginti su NB metodo tikslumo verte - 91,4 % [15].
Taip pat pastaraisiais metais gilusis mokymasis sulaukia vis daugiau déme-
sio pramonegje ir akademiniame pasaulyje dél savo didelio naSumo jvairio-
se srityse. Siuo metu populiariausi giliojo mokymosi architektaros tipai yra
pasikartojantis neuroninis tinklas (angl. Reccurent Neural Network, RNN) ir
konvoliucinis neuroninis tinklas (angl. Convolutional Neural Network, CNN)
[7]. Straipsnyje [11] tyréjai taiké gilaus mokymosi metodus - konvoliucinj
neuroninj tinklg, ilgosios trumpalaikés atminties (angl. Long Short-Term
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Memory, LSTM) modelj bei paprastgjj neuroninj tinklg (angl. Simple Neural
Network), kad atlikty Twitter nuotaiky analize. Autoriai gavo, jog LSTM yra
geriausias iS visy naudoty metody, jo tikslumas yra 87 %, o CNN ir papras-
tojo neuroninio tinklo metodai atitinkamai pasieke 82 % ir 81 % tiksluma.
Kiekvienu atveju norint jvertinti klasifikavimo rezultatus buvo naudojamos
tikslumo metrikos: tikslumas, preciziSkumas, atkarimas, F1 statistika.

2 Pirminis teksto apdorojimas

Pirminis teksto apdorojimas taikomas siekiant iSvalyti ir paruosti tekstg nuo-
taiky klasifikavimui, nes daZnu atveju vartotojy rasomi tekstai yra nestruk-
tarizuoti. Tokiuose tekstuose paprastai yra daug nereikalingos, nenaudin-
gos informacijos, pavyzdziui, pasikartojanciy zodziy, skaiciy, skyrybos zenk-
ly, raSybos klaidy, jaustuky ir sutrumpinimy. Darbe pirmiausia atsiliepimai
buvo suskaidyti j teksto vienetus. Toliau pasalinami nereikSmingi zodZiai,
tai gali bati jungtukai, jvardziai, kurie laikomi nereikalingais ir nenaudingais.

3 Teksto vektorizavimas

Atlikus pirminj teksto apdorojima, kitas Zingsnis pritaikyti vektorizavima,
kuris tekstinius duomenis pavercia skaitiniu vektoriumi. Darbe taikomi du
skirtingi vektorizavimo btdai - ZodZiy maiSo ir TF-IDF. Kadangi dauguma
masininio mokymosi algoritmy duomenis apdoroja su skaitiniais jvesties
reikSmeémis, tai yra batinas Zingsnis atliekant nuotaiky analize.

Zodziy mai3as (angl. Bag-of-words, BOW) - tai natdraliosios kalbos ap-
dorojimo metodas, naudojamas tekstiniam dokumentui atvaizduoti kaip
7odZiy rinkiniui, neatsizvelgiant j jy pateikimo tvarka. ZodZiy maio meto-
das yra vienas paprasciausiy tokio tipo metoduy, skaiciavimo bei konceptua-
lumo prasme. Pagrindiné idéja - suskaiciuoti kiekvieno ZodZio daznuma
dokumente ir remiantis Siais Zodziy dazniais, sukurti dokumento vektorinj
atvaizdavima [30].

Termino daznis-atvirkstinio dokumento daznis (angl. Term Frequency-
Inverse Document Frequency, TF-IDF) populiarus tyrimy metodas natdra-
lios kalbos apdorojimo srityje. TF-IDF metodu nustatomas santykinis ZodZiy
daZnis konkrec¢iame dokumente. ZodZiai, kurie tekste pasitaiko dazniau yra
laikomi maZiau svarbiais, o reiau pasitaikantys ZodZiai priskiriami svarbes-
niems, nes laikoma, kad jie turi daugiau reikSmingos informacijos [1]. Meto-
do matematine iSraiSka parodyta Zemiau esancioje lygtyje:
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) N
log(1 + tfq) X idf, = lo‘glod_ft

¢ia N nurodo dokumenty numerj rinkinyje, tf, ; kaip daznai Zodis t pasitaiko
dokumente d, o idf, apibadina paieSkos termino svarbg visy kolekcijos do-
kumenty atzvilgiu.

4 Temy modeliavimas

Temy modeliavimas - tai natadralios kalbos apdorojimo uzdavinys, kai duo-
meny taskai grupuojami j klasterj atsizvelgiant j jy panaSuma, o tie, kurie
neturi panasumuy, bus sugrupuoti | kitus klasterius. Temy modeliavimas
apibréZziamas kaip badas sugrupuoti duomenis j klasterius taip, kad tame
paciame klasteryje esantys duomenys turéty daugiau panasumy, palyginti
su skirtinguose klasteriuose esanciais duomenimis [8].

LDA (angl. Latent Dirichlet allocation) yra generuojantis tikimybinis mo-
delis, kurj 2003 m. pirma kartg pristaté H. Jelodar ir kt [5]. Pagrindine ideja
yra ta, kad dokumentai pateikiami kaip latentiniy temy atsitiktiniai miSiniai,
kur temg apibddina Zodziy pasiskirstymas. LDA pateikia temas pagal Zodziy
tikimybes.

5 Eksperimento rezultatai

Norint jvertinti skirtingus vektorizavimo ir klasifikavimo metodus, buvo pa-
sirinkta analizuoti du duomeny rinkinius - atsiliepimai jsigyjant produktg ir
klienty vertinimai po draudiminio jvykio atlyginimo. Atlikus pirminj teksto
apdorojima pardavimy atsiliepimy rinkinyje i$ viso liko 24662 jrasai, o antra-
jame duomeny rinkinyje - 14248 atsiliepimai, kurie buvo pateikti klienty po
zalos atlyginimo. Abu duomeny rinkiniai turi stulpelj su jvertinimais, pagal
kuriuos atsiliepimai buvo suskirstyti j dvi grupes: teigiamus ir neigiamus.
Gauta, jog pirmajame duomeny rinkinyje yra 21219 teigiami ir 3443 neigia-
mi atsiliepimai, o antrame rinkinyje - 11478 teigiami ir 2770 neigiami atsi-
liepimai.

1 paveiksle parodytas bendras, teigiamy ir neigiamy atsiliepimuy, pa-
skelbty kiekvieng ménesj skirtinguose duomeny rinkiniuose, skaicius. IS A
grafiko, kuris vaizduoja atsiliepimus po Zaly atlyginimo matosi, jog didéjant
atsiliepimy skaiciui didéja ir neigiami atsiliepimai, taciau galime pastebéti,
jog nuo 2023 mety vasario ménesio, kai paraSomuy vertinimy skaicius krito,
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0 neigiamy atsiliepimy kiekis laikési tolygiai. Vertinant abu grafikus paste-
bima, jog daugiausia klientai vertinimus palieka spalio ménesiais. DidZiau-
si kiekiai atsiliepimy A grafiko atveju 2023 sausio menesj, o B atveju 2023
mety lapkric¢io men.

A

Sentimenty skaiéius laike Zaly atsiliepimy rinkinyje
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1 pav. Zaly atlyginimo (A) ir pardavimy (B) bendry, neigiamy ir teigiamy atsiliepimy skai-
Cius kas meénes;.

o
L

Neigiamy atsiliepimy temos buvo modeliuojamos kiekvienam ketvirciui.
Noredami jvertinti sugeneruoty temy kokybe buvo taikomas nuoseklumo
(angl. Coherence) balas, kuris padeda nustatyti ar temos yra aiskios ir gerai
apibréztos. Sis balas remiasi sasaja tarp Zodziy temoje. Pirmiausia, irenka-
mi svarbiausiai ZodZiai kiekvienai temai, o tada parenkamos visos galimos
Zodziy poros i$ atrinkty ZodZiy. Toliau skaic¢iuojamas panasumas kiekvienai
Zodziy porai, matuojant, kaip daznai du Zodziai pasirodo kartu. Visi pana3u-
mai susumuojami kiekvienai temai, gaunant bendrg temos verte. Galiausiai
apskaiciuojamas nuoseklumo balas, dazniausiai kaip vidurkis arba media-
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na is visy temos verciy. Kuo aukstesnis balas, tuo labiau temos apibréztos.
Gauta, jog didziausig nuoseklumo balg turinciy temy skaicius yra 10 parda-
vimy atsiliepimames. 1 lenteléje pateiktos sumodeliuotos temos su raktiniais
Zodziais 2023 mety IV ketvirciui, pardavimy rinkinio atsiliepimams. IS gauty
temy, galima matyti, jog klientai labiausiai nepasitenkine kainomis, informa-
cijos trakumu, tikisi geresnio pasitalymo.

1 lentelé. Pardavimy atsiliepimo rinkinio 2023 mety IV ketvir¢iui temy raktiniai ZodZiai.

Tema Raktiniai ZodZiai

1 Mazas, draudimas, kainuoti, kaina

Pinigai, galéti, kainas, pigiai

Galéti, nuolaida, pasidlymas, draudimas

Sunkus, klausimas, jvykis, draudimas

Darbuotojas, produktas, turtas, draudimas

Paslauga, kaina, 3alis, draudimas

Darbuotojas, informacija, nezinoti, draudimas

Geresnis, bendravimas, kaina, klientas

VW | IN || U |~ W|N

Balas, didelis, draudimas, kaina

—
o

Bendravimas, Zala, trakti, draudimas

Analogiskas temy modeliavimas atliktas ir antram duomeny rinkiniui,
kur didZiausig nuoseklumo balg turinciy temy skaicius yra 3 neigiamy atsi-
liepimy atveju. IS 2 lenteléje esanciy rezultaty matome, kad daugiausiai tarp
temy pasikartoja Zodis draudimas, Zala, galime daryti iSvadas, kad klientai
labiausiai nepatenkinti Zalos iSmokéjimu, taipogi susiddré su problemomis
naudojantis pakaitiniu automobiliu.

2 lentelé. Atsiliepimy po Zaly atlyginimo sumodeliuoty 2023 mety IV ketviriui temy
raktiniai Zodziai.

Tema Raktiniai ZodZiai
1 |vykis, draudimas, pakaitinis, automobilis
2 Klientas, Zala, kaina, draudimas
3 Zala, darbuotojas, trakti, draudimas
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Sekantis zingsnis - klasifikavimo etapas, naudojant dvi skirtingas vekto-
rizavimo technikas (zodziy maiSo ir TF-IDF) bei taikant atraminiy vektoriy ir
naiviojo Bajeso klasifikavimo metodus. Sie klasifikavimo metodus pasirinkti
remdamiesi mokslinés literatdros analize ir atliktais tyrimais. Geriausiems
rezultatams pasiekti buvo naudojama parametry gardelé. Kiekvieno mode-
lio rezultatai pateikti 3 ir 4 lentelese, iS kuriy matyti, jog naudojant TF-IDF
kartu su naiviuoju Bajeso klasifikatoriumi pasiekiami didZiausi tikslumai
abiem duomeny rinkiniams. MaZiausi jverciai gauti naudojant ZodZiy atra-
miniy vektoriy klasifikatoriy.

3 lentelé. Pardavimy atsiliepimy rinkinio klasifikavimo tikslumo metrikos.

Klasifi- Vektori- . Precizis- . . | Bendras
K X Senti- Atkari- | F1 metri- R
kavimo zavimo mentas kumas mas (%) Ka (%) tikslu-

metodas | metodas (%) ¢ ’ mas
Neigiamas 69 45 54
TF-IDF 89%
Teigiamas 91 97 94
SVM
Neigiamas 68 44 53
BOW — 89%
Teigiamas 91 97 94
Neigiamas 73 55 63
TF-IDF 91%
NB Teigiamas 93 97 95
Neigiamas 66 55 60
BOW 90%
Teigiamas 93 95 94

4 lentelé. Atsiliepimy rinkinio po Zaly atlyginimo klasifikavimo tikslumo metrikos.

ifi- i- izis- Bendras
lI((Ia§|f| Vekgorl Senti- Precizi$ Atkiri- | F1 metri-| gieeji
avimo zavimo mentas kumas mas (%) | ka (%)
metodas | metodas (%) mas
Neigiamas 78 63 70
TF-IDF 89%
Teigiamas 91 96 93
SVM
Neigiamas 79 60 68
BOW — 89%
Teigiamas 90 96 93
Neigiamas 82 72 77
TF-IDF 91%
NB Teigiamas 93 96 95
Neigiamas 76 64 69
BOW — 89%
Teigiamas 91 95 93
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6 ISvados

Siame tyrime buvo naudojami du skirtingi metodai vektorizavimui ir klasi-
fikavimui, siekiant nustatyti klienty atsiliepimy nuotaikas. Taikytos TF-IDF ir
ZodZiy maiSo vektorizavimo technikos, kartu su naiviuoju Bajeso ir atrami-
niy vektoriy algoritmais. Geriausi rezultatai gauti naudojant naiviojo Bajeso
klasifikatoriy kartu su TF-IDF, kuris pasieké net 91% tikslumg skirtingiems
duomeny rinkiniams. Atraminiy vektoriy klasifikatorius pasieké 89% tikslu-
ma pirmam ir antram duomeny rinkiniams. Lyginant preciziSkumo ir atkari-
mo metrikas gauta, jog geriausiai kiekvieng klase atskiria naudojant naiviojo
Bajeso kartu su TF-IDF vektorizavimo metodu. Atsiliepimams po produkto
jsigijimo geriausiai atskiriama teigiama klase, tada preciziSkumas lygus 93%,
o atkdrimo metrika 97%. Atsiliepimams po Zaly atlyginimo teigiami senti-
mentai taip pat geriau atskiriami, gaunamas preciziSkumas 93% ir atkarimo
metrika 96%. Nors buvo iSbandyti tik keli algoritmai, tolimesniems tyrimams
baty tikslinga iSbandyti kitus algoritmus arba kurti hibridinius metodus, sie-
kiant padidinti rezultaty tiksluma. Taip pat atliekant tyrimg pastebéta, kad
duomenys néra balansuoti, todel ateities darbas bus subalansuoti duome-
nis. Klienty atsiliepimy nuotaiky nustatymas gali bati naudingas jvairiose
srityse. Galimos iSmaniosios sistemos, kurios galety pateikti vartotojams
iSsamias produkty, paslaugy ir kt. apzvalgas, nereikalaujant, kad vartotojai
perzitrety atskiras apzvalgas, o galéty tiesiogiai priimty sprendimus rem-
damiesi sistemos pateiktais rezultatais.
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Vaizdy aprasy generavimo modeliai

Artir Radzivilov

Vilniaus Gedimino technikos universitetas,
Sauléetekio al. 11, LT-10223 Vilnius
artur.radzivilov@vilniustech.lt

Santrauka. Siame straipsnyje yra nagrinéjami vaizdy aprasy generavimo mo-
deliai, kuriy pagalba galima automatizuoti teksto aprasymy karima i$ vaizdinés
informacijos. Pateikiamos jvairios neuroniniy tinkly struktadros, tokios kaip CNN
ir RNN, kurios naudojamos vaizdy savybiy iSgavimui ir teksto generavimui, bei
démesio mechanizmai ir ,transformer” tipo tinklai, leidZiantys geriau integruoti
vaizdo ir tekstine informacija. Analizuojami pagrindiniai duomeny rinkiniai, nau-
dojami modeliy mokymui, ir apraSymy vertinimo metodai, skirti jvertinti gene-
ruoty teksto apraSymy kokybe. Taip pat aptariamos naujausios tendencijos ir
iSSukiai Sioje srityje, pabréZiant basimy tyrimy kryptis.

Raktiniai ZodZiai: vaizdy aprasy generavimas, CNN, RNN, démesio mechanizmai.

1 |Jvadas

Siame apzvalginiame straipsnyje nagrinéjami iuolaikiniai vaizdy aprasymo
generavimo modeliai, siekiant iSanalizuoti kaip Sie modeliai leidZia automa-
tizuoti vaizdy apraSymus. Straipsnis skirtas iSsamiai apzvelgti dabartingje
mokslingje literatdroje apraSytas metodikas ir duomeny rinkinius, kuriuos
naudoja vaizdy aprasymo sistemy kdréjai. PabréZiama neuroniniy tinkly,
tokiy kaip konvoliuciniai (CNN) ir rekurentiniai (RNN) neuroniniai tinklai,
naudojimo svarba, taip pat aptariami démesio mechanizmai ir transformer
tipo tinklai, kurie atlieka esminj vaidmenj siekiant efektyviai integruoti vizua-
line ir tekstine informacija. Be to, Siame straipsnyje pateikiama vertinimo
metody analizé, leidzianti jvertinti generuoty apraSymy kokybe, ir aptaria-
mos jvairios esamos technologijos bei jy stiprybes ir silpnybes [1].

2 Duomeny rinkiniai

Duomeny rinkiniai yra labai svarbus dalykas vaizdy aprasSy generavimo
sistemoje. Tam, kad sistema galéty parodyti rezultata, palyginama su Zmo-
gaus vaizdo apraSymo rezultatu, reikalingi labai dideli duomeny masyvai,
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kuriuose privalo bati vaizdai ir nors vienas aprasas atitinkantis vaizdui. Kuo
daugiau vienas vaizdas turi aprasy, tuo geriau, nes tg patj vaizdg skirtingi
zmonés gali aprasyti skirtingai. Apmokant vaizdy aprasy generavimo sis-
temga, kuri galéty pakeisti zmogy, reikia, kad aprasai duomeny rinkiniuose
baty sukurti Zmogaus ranka.

Duomeny rinkinis ,PASCAL1TK" buvo sukurtas 2010 metais. Jis turi 9000
vaizdy ir daugiau nei 40 000 aprasy Sitiems vaizdams. ,Amazon’s Mechani-
cal Turk” (MTurk) padéjo autoriams sukurti §j duomeny rinkinj. MTurk lei-
dZia pakankamai greitai rinkti didelj kiekj lingvistiniy duomeny, nereikalau-
jant santykinai dideliy investicijy.

MTurk taip pat turi ir minusy, vienas i$ jy tai ribota galimybé kontroliuoti
tai, kas iS persony gali dalyvauti tam tikroje uzduotyje. Atliekant uzduotis,
reikalaujancias teksto jvedimo laisva forma, tai tas minusas, dél kurio gali
iSkilti problemos. Tokio tipo uzduotys skiriasi nuo uzduociy su keliais gali-
mais atsakymo variantais, kurie daZniausiai bdna sukurti testine forma. Tai
reiSkia, kad tokio tipo uzduociy rezultatg negalima bus patikrinti naudojant
testine uzduotj, atsakymas j kurig yra Zinomas. Dar vienas minusas susijes
su tuo, kad MTurk neturi jrankio, kuris garantuoty, kad visos personos, ku-
rios spres uzduotis, gerai zinos angly kalba.

Kvalifikaciniai testai yra proceddros, kurias atlieka asmenys, norintys
dalyvauti duomeny rinkimo procese, siekiant jsitikinti, kad jie atitinka tam
tikrus kvalifikacijos standartus, pavyzdZiui, kalbos mokéjima arba gebéjimag
teisingai atlikti uzduotis, pries jiems leidziant dalyvauti teksty generavimo ir
kitose panaSiose uzduotyse.

Without qualification test

(1) lady with birds

(2) Some parrots are have speaking skill.

(3) A lady in their dining table with birds on her shoulder and head.
(4) Asian woman with two cockatiels, on shoulder

head, room with oak cabinets.,

(5) The lady loves the parrot

With qualification test

(1) A woman has a bird on her shoulder, and another bird on her head
(2) A woman with a bird on her head and a bird on her shoulder.

(3) A women sitting at a dining table with two small birds sitting on her.
(4) A young Asian woman sitting at a kitchen

table with a bird on her head and another on her shoulder.

(5) Two birds are perched on a woman sitting in a kitchen.

1 pav. ApraSymy su ir be kvalifikacinio testo pavyzdys ,PASCALTK" duomeny rinkinyje [2].
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Kaip galima pamatyti 1 pavyzdyje su apraSais, rezultatai po kvalifikaciniy
testy ir be jy labai skiriasi. Kvalifikaciniai testai padejo iSvengti punktuacijos,
raSybos ir kity klaidy. Pasirinkti konkretesni apraSymai be tariamy santykiy
tarp objekty, kaip, pavyzdZziui, 5 punkte: ,The lady loves the parrot” (Ponia
myli papdga).

,Flickr8K" ir ,Flickr30K” duomeny rinkiniai, sukurti nuotrauky aprasymuy
generavimo modeliy mokymui, sudaryti i$ tokstanciy jvairiy tematiky nuo-
trauky, kurioms badingi detalds apraSymai, padedantys mokymosi procese
[3]. ,Flickr30K Entities” papildo Siuos rinkinius, jtraukiant objekty lokaliza-
Cijg ir zodziy susiejimg su vaizdais, taip pagerinant modeliy sugebeéjimus
generuoti tiksly ir kontekstinj turinj. Klaidos rinkinyje rodo, jog yra tobule-
jimo galimybiy, ypac kalbant apie rémeliy tikslumg ir objekty identifikacija.
»Microsoft COCO Captions” duomeny rinkinys, praturtintas gausiais vaizdais
ir aprasymais i$ jvairiy kategorijy, teikia dar didesne jvairove modeliy moky-
mui, orientuotg j objekty atpazinima, lokalizavima ir apraSymuy generavima.
Sie duomeny rinkiniai atlieka svarby vaidmenj tobulinant ir vertinant vaizdy
aprasymy generavimo technologijas, suteikdami tyreéjams reikiamus jran-
kius aiSkesnems ir tikslesnems vizualizacijoms kurti.

3 Sugeneruoty aprasy vertinimas

Automatiniy vaizdy aprasymy generavimo sistemos vertinimas yra sudé-
tingas procesas, kuris reikalauja objektyviy metriky, kad baty galima iSma-
tuoti sugeneruoty aprasymy kokybe. Siam tikslui mokslininkai ir inZinieriai
naudoja jvairias vertinimo metrikas, tokias kaip BLEU, ROUGE, METEOR,
CIDEr ir SPICE, kurios leidZia vertinti apraSymus remiantis skirtingais as-
pektais, jskaitant gramatika, turinio tikslumg, sinonimy naudojimg ir se-
mantine prasme. Kiekviena i$ Siy metriky turi savo stiprybes ir silpngsias
puses, todel jy kombinavimas suteikia iSsamesnj ir objektyvesnj modeliy
vertinimg [4].

Metrikos, kaip BLEU ir ROUGE, daznai naudojamos vertinant teksty su-
tapima ir aprasymy iSsamuma [5], o METEOR prideda papildomg sluoksnj,
atsizvelgdamas j gramatika ir sinonimus [6]. Tuo tarpu CIDEr ir SPICE yra
orientuoti j semantinj turinj ir apraSymy atitikima Zmogaus sukuriam kon-
sensusui [7]. Visos Sios metrikos padeda identifikuoti, kiek gerai automa-
tiniy sistemy generuoti apraSymai atitinka realius vaizdus ir jy konteksta,
taciau taip pat pabréZzia, kad néra vienos universalios vertinimo sistemos.
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BUsimy tyrimy kryptys apima tiek esamy metriky tobulinimg, tiek naujy
metody karima, siekiant dar tiksliau jvertinti apraSymy kokybe ir atspindeti
sudétingesnius modeliy generavimo aspektus. Svarbu atsizvelgti j modeliy
sudetingumg, apmokymo laikg ir efektyvuma, kad baty galima iSsamiai jver-
tinti jy privalumus ir trokumus. Tokie vertinimai yra batini ne tik mokslinés
pazangos poZzidriu, bet ir praktine prasme, siekiant sukurti efektyvesnes ir
energijg taupancias modeliy architektdras, kurios atveria naujas taikymo
sritis ir pagerina technologijy naudojimg kasdieniame gyvenime.

4 Egzistuojancios vaizdy aprasy generavimo sistemos

Vaizdy apraSymy generavimo sistemos yra svarbus dirbtinio intelekto ir
kompiuterinés regos tyrimy segmentas, kuris siekia sukurti modelius, ga-
lin€ius analizuoti vaizdus ir generuoti apie juos nattralios kalbos aprasy-
mus. Sios sistemos remiasi paZangiomis dirbtinio intelekto technologijomis,
tokiomis kaip konvoliuciniai neuroniniai tinklai (CNN), vaizdy savybiy isga-
vimui, ir rekurentiniai neuroniniai tinklai (RNN), tekstui generuoti, taip pat
demesio mechanizmais ir ,transformer” tipo tinklais, siekiant efektyviai ap-
doroti ir integruoti vaizdo bei tekstinius duomenis.

NIC yra vienas i$ pirmyjy metody Sioje srityje, kuris efektyviai derina
CNN, vaizdy savybiy iSgavimui, ir RNN, aprasymy generavimui, demons-
truodamas kaip Sie du komponentai gali bendradarbiauti generuojant apra-
Symus. NIC modelis, kuriame CNN naudojamas kaip koduotojas ir RNN kaip
dekoduotojas, yra fundamentali koncepcija, kuri buvo pritaikyta ir tobulinta
jvairiose velesnése sistemose [8].

»Show, Attend and Tell” metodas jvedé démesio mechanizmg j vaizdy
apraSymy generavimo procesg, leidZiant sistemai ne tik identifikuoti vaizde
esancius objektus, bet ir nustatyti kuriuos objektus ir kada reikéty akcen-
tuoti generuojant kiekvieng apraSymo Zodj. Tai suteiké modeliams galimybe
generuoti Zymiai tikslesnius ir konteksto atZvilgiu prasmingesnius aprasy-
mus [9].

LTransformer” tipo tinklai, su jy naujovisku demesio mechanizmu, lei-
dZia efektyviai tvarkyti ir analizuoti didelius duomeny kiekius, taip pat pritai-
kyti modelius jvairioms NLP uZduotims, jskaitant vaizdy apraSymy generavi-
ma. Jy gebejimas apdoroti visg jvestj vienu metu, o ne paeiliui reiskia didziulj
zingsnj efektyvumo ir veikimo supratimo poZzidriu [10].

~Image Transformer” pritaiko ,transformer” tipo tinkly architektdrg tie-
siogiai vaizdams, naudodamas lokaly démesj ir kvadratinj kontekstg vaizdo
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pikseliy analizei. Si metodika leidZia modeliui efektyviai ir tikslingai generuo-
ti vaizdo apraSymus, koncentruojantis j svarbiausius vaizdo elementus [11].

VLP (Vision and Language Pre-training) metodai, tokie kaip ,ViLBERT"
ir ,VisualBERT", rodo, kad iSankstinis mokymas, naudojant tiek vaizdo, tiek
teksto duomenis, gali suteikti modeliams reikiamg lankstumga ir pritaikyma
jvairioms vaizdo ir kalbos sgveikos uzduotims atlikti. Sie metodai, derinan-
tys galingas ,transformer” tipo tinkly architektdras su iSankstiniu mokymu,
atveria naujas galimybes modeliy veikimo gerinimui vaizdy aprasymy ge-
neravimo srityje.

Siy sistemy plétra ir tobulinimas leidZia ne tik generuoti tikslius ir pras-
mingus vaizdy aprasymus, bet ir gilinti mdsy supratimg apie vaizdo ir teksto
sgveika. Toliau vykstantys tyrimai ir technologiné pazanga tikrai atne$ dar
daugiau inovacijy ir tobulinimuy, leidZianciy dar labiau pagerinti Siy sistemy
efektyvuma ir universaluma.

5 Neuroniniy tinkly struktiiros

Neuroniniy tinkly struktdros yra esminé dirbtinio intelekto technologijy da-
lis, lemianti jy efektyvumg ir taikyma placiame spektre uzduodiy. Sios struk-
tdros atlieka svarby vaidmenj analizuojant vaizdus, generuojant tekstus,
atpazjstant kalbg ir sprendziant kitus uzdavinius.

CNN yra pagrindiniai vaizdo apdorojimo ir analizés darbuose, jskaitant
objekty atpazinima, vaizdy klasifikavimg ir segmentavima. Jy struktdra, su-
daryta i$ konvoliuciniy, aktyvavimo ir slenkstiniy sluoksniy, leidZia efektyviai
iSmokti vaizdy savybes nuo paprasty iki sudétingy. CNN naudojimas yra itin
veiksmingas dél gebéjimo atpaZzinti ir iSgauti svarbius vaizdo bruozus, pritai-
kant maZiau parametry ir iStekliy nei kitos architektdros [12].

RNN yra skirti dirbti su sekos duomenimis, tokiomis kaip tekstas ar garso
jrasai. Ju pagrindiné savybé - gebéjimas iSsaugoti informacija per ilgesnj lai-
kotarpj. RNN architektara leidZia informacijai keliauti nuo vieno apdorojimo
Zingsnio prie kito. Sis ,Zingsnis” reiskia vieng iteracijg per duomeny seka,
kurioje tinklas apdoroja vieng elementa (pvz., Zodj ar garsa) ir perduoda
savo blseng j kitg iteracijg. Tokiu badu modelis jgauna gebéjima atskleisti ir
iSmokti priklausomybes tarp iS eilés einanciy sekos elementy, kas yra ypac
svarbu uzduotims kuriose reikia suprasti ir prognozuoti sekos testinuma.

Pagrindinés RNN sudedamosios dalys yra vidiné basena, kuri atnauji-
nama kiekviename zingsnyje perduodant informacijag, ir grjiztamoji rysio
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struktara, leidzianti informacijai cirkuliuoti per tinklg [13]. Tac¢iau RNN daz-
nai susiduria su gradienty nykimo problema, kuri apsunkina ilgalaikiy pri-
klausomybiy mokymasi [14].

Démesio mechanizmai padidina neuroniniy tinkly efektyvuma, leisdami
modeliams sutelkti démesj j svarbiausius duomeny elementus konkreciu
metu [9]. Tai yra ypa¢ naudinga ilgy seky apdorojimui, pavyzdZiui, teksto
vertimui ar vaizdy analizei, nes démesio mechanizmai dinamiskai supranta,
kiekvieno jvesties ar sekos elemento svarbg [15].

Architektdra ,transformer” tipo tinkly yra pazangi, remiasi demesio me-
chanizmais ir atsisako tradiciniy CNN ar RNN elementy. Si architektdra yra
labai veiksminga NLP uzduotims ir vaizdy analizei dél savo gebéjimo efek-
tyviai apdoroti ilgas sekas, nenaudojant brangiy rekursijos ar konvoliucijos
operacijy. ,Transformer” tipo tinklai yra pagrindas Siuolaikiniams Al mode-
liams, tokiems kaip GPT ir BERT, suteikiantys jiems gebeéjimg suprasti ir ge-
neruoti kalbg bei analizuoti vaizdus nepaprastai aukStu lygiu.

+Encoder-decoder” architektdra yra badinga uzduotims, kuriose koduo-
tojas apdoroja jvestj, o dekoduotojas generuoja isvestj. 5i schema naudo-
jama jvairiose uzduotyse, pavyzdZiui, masSininiame vertime, teksto genera-
vime ir vaizdy aprasymy kadrime [16]. ,Encoder-decoder” modeliai gali bati
pagristi RNN, CNN ar ,transformer” tipo tinkly architektdra ir daznai jtraukia
demesio mechanizmus, kad padidinty jy veiksminguma ir gebéjimg iSmokti
sudétingas priklausomybes tarp jvesties ir iSvesties duomeny [10].

Sios pagrindinés neuroniniy tinkly architektaros atlieka lemiamga vaid-
menj formuojant Siuolaikinio dirbtinio intelekto technologijas, suteikdamos
mokslininkams ir inZinieriams jrankius sudétingy problemy sprendimui ir
naujy, pazangiy sistemy karimui.

6 ISvados

Siame straipsnyje apZvelgti vaizdy aprasymy generavimo modeliai, remian-
tis naujausiomis dirbtinio intelekto technologijomis, tokiomis kaip CNN,
RNN, démesio mechanizmai ir ,transformer” tipo tinklai, parodo, kaip Sios
technologijos gali efektyviai transformuoti vizualine informacija j tekstinius
aprasymus. Sistemos naudoja jvairius duomeny rinkinius modeliy moky-
mui ir tobulinimui, o sugeneruoty aprasymy vertinimas atliekamas naudo-
jant isamig metriky analize, tokig kaip BLEU, ROUGE ir kitos, leidZiancig
iSsamiai jvertinti apraSymuy kokybe ir nustatyti tobulinimo kryptis.
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Tesiant mokslinius tyrimus ir technologijy plétrg, galime tikétis, kad vaiz-
dy aprasymy generavimo technologijos toliau evoliucionuos, tobulindamos
jy sugebeéjimg suprasti ir interpretuoti vizualinius bei tekstinius duomenis.
Ateityje Sios technologijos gali transformuoti tai, kaip mes suvokiame ir nau-
dojame vaizdine informacijg, integruodamos jas j jvairias pramonés Sakas ir
kasdiene veiklg, tokiu badu suteikdamos naujas galimybes vartotojy savei-
kai su technologijomis.
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Abstract. This study investigates the impact of macroeconomic factors on
housing loan flows in the Baltic region post-2008 housing bubble. Using
stepwise regression, Lasso regression, and pooled regression, data is analyzed
from Estonia, Latvia, and Lithuania spanning 2014 to 2023. Results reveal the
significant influence of borrowing costs, wages, unemployment, and inflation
rates on loan flows.

Keywords: housing loans, macroeconomics, LASSO regression, linear regression,
pooled regression, Baltic region.

1 Introduction

Despite studies on credit and housing in Eastern Europe [1] , research
specifically focusing on the influence of macroeconomic factors on housing
loan flows in the Baltics after the housing bubble burst in 2008 remains
relatively understudied. This study addresses this gap by examining loan
data in the Baltics. Two approaches are employed: analyzing loan flows in
each Baltic state (Estonia, Latvia, Lithuania) and using pooled regression
analysis across region. This study aims to provide a comprehensive
understanding of how macroeconomic factors spanning from 2014 to 2023,
and for Lithuania from 2015 to 2023, influence housing loan flows patterns
in the Baltics.

2 Methods & Results

In this study, stepwise regression [2] with the “both” method was used to
construct a regression model of loan flows for house purchases based on
macroeconomic factors. Stepwise regression was chosen for its systematic
approach to predictor selection, balancing model complexity and goodness
of fit using the Akaike Information Criterion (AIC). This method selects
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predictors, starting with an empty model, and sequentially adding and
removing predictors based on their statistical significance until no further
improvement in model fit is observed. AIC guided model selection, with
lower AIC values indicating a better fit. The resulting model coefficients, see
Table 1, highlight the significant impacts of borrowing costs (Borr_cost_house)
and wages across countries. Higher borrowing costs were associated with
reduced loan accessibility for households, while increasing wages positively
influenced loan accessibility. Inflation (HICP) positively impacts housing loan
flows in Lithuania and Estonia, while unemployment (Unemploy) negatively
affects loan flows in Lithuania.

Least Absolute Shrinkage and Selection Operator (LASSO) regression
[31 aims to minimize prediction error by constraining variables and
coefficients. LASSO regression, adept at handling multicollinearity, aided in
identifying significant predictors while ensuring model simplicity through
coefficient shrinkage. The selection of the shrinkage parameter (A) was
performed using k-fold cross-validation. Results showed in Table 2, it is
observed that the coefficients related to private consumption (Priv_consum)
were shrunk to zero in the Lasso regression analysis, indicating their lack of
statistical significance, consistent with the findings from linear regression
and pooled regression for a region. However, borrowing costs (Borr_
cost_house) and wages variables retained their coefficients in the Lasso
regression, suggesting their consistent and significant impact on loan
flows for house purchases. Additionally, Lasso regression highlighted the
influence of unemployment (Unemploy) solely in Lithuania, with no effect
observed in other countries.

The pooled regression model was utilized to offer a thorough perspective
on the Baltic region. This method treated all observations equally, assuming
homogeneity across both countries and time periods. Analysis (Table 1)
reveals that borrowing costs (Borr_cost_house) and wages exhibit consistent
and significant impacts across all regions, mirroring their individual effects
observed at the country level. Similarly, unemployment (Unemploy) and
inflation rates (HICP) emerge as significant factors influencing the entire
region, despite their prior examination being confined to specific countries.
A noteworthy regional finding is the discernible influence of government
consumption (Gov_consum) on housing loan flows, this insight was
exclusively revealed by the Lasso regression and was not evident in the
linear regression.
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Table 1. Regression results.
Dependent variable:
Housepurch_l
Lithuania Estonia Latvia Pooled Regression
(1) @) 3)

Unemploy -2.862%F -9.015%%*

(1.396) (0.855)
HICP 0.896%** 1.513%** 0.787%**

(0.305) (0.282) (0.242)
log(Wages) 65.965%%* 77.887%%* 52.755%*= 36.564***

(5.804) (8.950) (3.959) (3.636)
Borr_cost_house -13.429%** -12.424%** -6.924%+* -8.814%**

(1.691) (2.013) (1.066) (1.526)
Gov_consum -10.405%*%*

(2.162)

OutlierLt -130.660%**

(13.238)
OutlierLv 110.752%**

(8.432)

Constant -376.857%** -448.368%** -337.136%%* -127.422%%*

(42.470) (56.692) (26.261) (25.886)
AIC 540.83 630.9 500.01 1041.21
Observations 105 117 117 339
R2 0.831 0.687 0.781 0.613
Adjusted R2 0.823 0.679 0.775 0.607
Residual Std. Error 12.836 (df = 99) 14.620 (df = 113) 8.331 (df=113) 21.306 (df = 333)
F Statistic 97.617+%*(df = 5; 99) 82.861***(df = 3; 113) 134.165+**(df = 3; 113)105.303(df = 5; 333)
Note: *p<0.1; **p<0.05; ***p<0.01

Table 2. LASSO coefficients.

Lithuania Estonia Latvia
Unemploy -1.504 0 0
HICP 0.887 1.623 0
log(Wages) 66.385 68.512 52.319
Priv_consum 0 0 0
Invest 0.836 -0.111 -0.039
Gov_consum 5.635 3.898 -0.208
Borr_cost_house -12.993 -9.690 -6.607
OutlierLt -132.471 0 0
OutlierLv 0 0 108.203
Constant -392.580 -396.241 -335.134

Research [4] supports the notion that as interest rates increase, housing
affordability declines. Conversely, increasing wages positively impact loan
accessibility, as highlighted by [5] article, which suggests that rising wages
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contribute to greater household wealth, thereby stimulating demand for
loans, including those for house purchases, and indicating improved well-
being. Article [6] suggests that inflation has an impact on loan flows as
borrowers seek loans to mitigate the negative effects of inflation on their
purchasing power. Study [7], which focuses on the US, offers relevant
insights indicating that unemployment can reduce disposable income and
increase credit risk for borrowers. This diminishes their attractiveness as
loan candidates, resulting in negative impacts on loan applications.

3 Conclusion

Through a synthesis of empirical evidence and existing literature this
study contributes to the understanding of housing loan dynamics in the
Baltic region following the housing bubble burst. By employing stepwise
regression, LASSO regression, and pooled regression techniques, it is
systematically analyzed the influence of macroeconomic factors on loan
flows. Findings underscore the significance of borrowing costs, wages,
unemployment, and inflation rates in shaping loan accessibility across the
region.
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Santrauka. Skaitmeniniai dvyniai yra naudojami labai jvairiose tiek mokslo, tiek
pramones srityse ir reiSkia objekty, sistemy ar procesy virtualiy kopijy karima.
Taciau néra vieningos skaitmeninio dvynio sampratos. Mokslinéje literataroje
skaitmeniniais dvyniais vadinamas platus modeliy spektras - nuo naudotojo
profilio iki realios esybés is&samaus vykdomo analogo. Sio darbo tikslas yra at-
likus sistemingg literatQros analize atsakyti j klausima ,Kokias batinas savybes
turi turéti esybés modelis, kad jj baty galima pavadinti skaitmeniniu dvyniu?”.
Atsakant j tyrimo klausimg sudarytas skaitmeninio dvynio metasavybiy rinkinys,
kuris nusako minimalig savybiy grupe, kai skaitmeninis dvynys yra suprantamas
kaip virtuali realios esybés kopija.

Raktiniai ZodZiai: skaitmeninis dvynys, koncepciné analizé, skaitmeninis mode-
lis, metasavybé, sisteminga literattros apzvalga.

1 |Jvadas

Skaitmeniniai dvyniai yra gana plati samprata naudojama jvairiose srityse,
susijusi su objekty, sistemy ar procesy virtualiy kopijy karimu. Sios skait-
meninés kopijos palengvina sistemy veikimo stebéjima, analize ir optimiza-
vima realiu laiku, gali suteikti giliy jZvalgy apie sistemos elgseng ir naSuma.

Akademineje bendruomeneéje néra vieningos skaitmeninio dvynio
sampratos. Skaitmeniniy dvyniy pritaikymas apima didZiulj spektrg sriciy,
todél egzistuoja daug skirtingy jy apibréZzciy bei jiems keliami labai skirtingi
reikalavimai[1, 2, 3]. Darbe [4] pateikta iSsami skaitmeniniy dvyniy apibreéz-
Ciy apZvalga, taCiau nustatytos savybés leidZia suprasti skaitmeninius dvy-
nius realybés atspindZio, replikos prasme. O tai reiSkia maksimalig galimy
savybiy aibe. Todél yra aktualu nustatyti, kokias batinas savybes turi turéti
skaitmeniniai dvyniai, identifikuoti jy tipus. Sio darbo tikslas ir yra atsakyti
j klausima , Kokias batinas savybes turi tureti realios esybes modelis, kad jj
baty galima pavadinti skaitmeniniu dvyniu?”.
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Straipsnyje pateikiami sistemingos literatdros analizés rezultatai. Jg at-
likus nustatyta, kad néra vieningos nuomones apie batinas ir pakankamas
skaitmeninio modelio savybes. Sudarytas skaitmeninio dvynio metasavybiy
rinkinys, kuris nusako minimalig savybiy grupe, kai skaitmeninis dvynys yra
suprantamas kaip virtuali realios esybes kopija.

2 Tyrimo atlikimo metodika

Siekiant atsakyti j tyrimo klausimg atlikta sisteminga literattros apZzvalga,
taikant PRISMA [5] metodikg. Rezultatai gauti keturiais etapais. Pirmame
etape buvo nustatyti straipsniai, kuriuos reikia perziaréti. Antrame ir trecia-
me etape buvo atlikta straipsniy perZiGra ir priimtas sprendimas dél jy tin-
kamumo iSsamiai analizei. Paskutiniame etape buvo atlikta koncepciné ana-
lize, kurios rezultate sudarytas skaitmeninio dvynio metasavybiy rinkinys.

Organizacinis atliktos sistemingos literatiros analizes aspektas, nusa-
kantis paieSkos vykdymo detales, pateiktas 1 lenteleje.

1 lentelé. LiteratQros paieSkos proceso charakteristika

Paieskos tikslas Skirtingy skaitmeniniy dvyniy apibrézZ¢iy apzvalga

Raktiniai zodZiai Digital twin, digital twin definition, digital twin concept,
digital twin model, digital twin characteristic

Saltiniy atrankos kriterijai | Publikacijos, randamos pasauliniame saityne

Kalba Angly kalba
Saltiniai Google Scholar, IEEE library, ACM Digital Library, DBLP
Saltiniy tipai Zurnaly publikacijos, konferencijy pranesimy

medZiaga, daktaro disertacijos, techninés ataskaitos

Pradinio publikacijy saraso | Pavadinimas, santrauka, raktiniai Zodziai, jvadas
atrankos kriterijai

3 Skaitmeninio dvynio sampratos analizé

3.1 Skaitmeninio dvynio samprata

Nagrinéjant platy straipsniy apie skaitmeninius dvynius spektrg, apimantj
jvairias mokslo ir pramonés sritis, pastebéta, jog skaitmeniniai dvyniai api-
badinami skirtingai, iSrySkinamos skirtingos skaitmeniniy dvyniy savybés
bei jiems keliami labai skirtingi reikalavimai. Nors vieningo skaitmeniniy
dvyniy apibrézimo néra, taciau bendru atveju visi literattroje pateikiami
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skaitmeniniy dvyniy apibrézimai iS esmes atitinka bendrg sampratg, kai
skaitmeniniai dvyniai suvokiami, kaip virtualios realios esybés kopijos, taigi,
turi bati neatsiejamai nagrinetinos trys pagrindines dalys:

1. reali esybé realioje erdveje,

2. virtualus esybés atitikmuo virtualioje erdvéje,

3. duomeny bei informacijos srautai tarp realios ir virtualios esybiy.

3.2 Skaitmeninio dvynio metasavybés

Analizuoty Saltiniy pateikiamose sampratose iSrySkejo 7 pagrindinés skait-
meninio dvynio metasavybés susijusios su kiekviena iS esminiy jo daliy
(1 pav.). Metasavybé - tai esybe kaip tipg nusakanti charakteristika.

Savybes Savybes
Paobiidis Duomenys
Duomeny ) _
Zaltiniai Savybes Sasaja

Kryptis Galimybés

Sinchronizacija

Reali esybé Duomeny rydys Virtualus atitikmuo

1 pav. Skaitmeniniy dvyniy metasavybeés

Realig esybe, visy pirma, apibréZia jos pobutdis. DazZniausiai literatdros
Saltiniuose kalbama apie fiziniy sistemy skaitmeninius dvynius [6], taciau
kiti autoriai pazymi, jog virtualiais modeliais vaizduoti galima ir jvairius pro-
cesus, programy sistemas ar bet kokius kitus nematerialius konceptus [7].
Taip pat, pagal realios esybés pobadj, skaitmeniniai dvyniai gali bati klasi-
fikuojami j komponenty, produkty, sistemy ir procesy dvynius [8]; atitin-
kamai pagal tai ar modeliu vaizduojama tik nedidelé realios esybés dalis,
ar keliy daliy, produkty ar sistemy tarpusavio sgveika. Duomeny Saltiniy
savybé paprasc€iausiai nurodo, kokie sensoriai ar kitos duomeny rinkimo
sistemos naudojamos duomenims apie realig esybe iSgauti.
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Pagrindiné savybé charakterizuojanti virtualy atitikmenj yra jj sudaran-
tys duomenys. Pasak vieny autoriy, virtualus modelis privalo atvaizduoti
visus jmanomus iSgauti duomenis apie realig esybe, jos elgseng bei aplinka
[9], taciau kiti autoriai mano, jog tokio lygmens detalumas yra sunkiai pa-
siekiamas ir daugeliu paktinio pritaikymo atvejy uztenka atsirinkti tik pa-
kankamus duomenis skaitmeniniam dvyniui iSkeltiems tikslams pasiekti.
Pagal detalumga skaitmeninius dvynius galima klasifikuoti j selektyvius (ang.
selective) ir visapusiSkus (ang. comprehensive). Literataros Saltiniy pateikia-
mose sampratose taip pat daug démesio skiriama skaitmeniniy dvyniy tei-
kiamoms galimybéms. Dazniausiai minimos stebejimo [10], aptikimo [10],
prognozavimo [11] ir simuliacijos [12] galimybeés. Kadangi skaitmeniniai
dvyniai neprivalo jgyvendinti visy Siy galimybiuy, juos galima klasifikuoti j ap-
raSomuosius, informatyviuosius, prognozuojamuosius, iSsamiuosius ir au-
tonominius dvynius [8], atitinkamai pagal teikiamy galimybiy kiekj ir sude-
tinguma. Galiausiai, sasajos savybé apibreZia, kaip suteikiama prieiga prie
skaitmeninio dvynio teikiamy duomeny vartotojui, kitoms masinoms ar net
kitiems skaitmeniniams dvyniams [13].

Duomeny ry3j charakterizuoja krypties bei sinchronizacijos savybeés.
Sios savybés sukelia daugiausiai i$siskirian¢iy nuomoniy, kadangi, pasak
vieny autoriy, skaitmeninis dvynys privalo duomenis atsinaujinti realiu lai-
ku, ne tik pasyviai gauti duomenis, bet ir aktyviai veikti savo realy atitikmenj
[9], tacCiau kiti autoriai argumentuoja, jog, priklausomai nuo nagrinéjamos
esybés bei iSsikelty reikalavimy dvyniui, gali pakakti periodisko duomeny
atnaujinimo ir vienpusio duomeny sarysio [7]. Pagal Sias savybes skaitmeni-
nius dvynius galima klasifikuoti j vienakrypcius ir dvikrypcius bei realaus ar
beveik realaus laiko ir periodiSkai atsinaujinancius dvynius.

4 ISvados

Mokslinéje literattroje skaitmeniniais dvyniais vadinamas platus modeliy
spektras - nuo naudotojo profilio iki realios esybés iSsamaus vykdomo ana-
logo. Batiny skaitmeninio dvynio savybiy identifikavima apsunkina ir labai
skirtingas jy klasifikavimas: pagal funkcionaluma, struktariniu poZiriu, gali-
mybe imituoti arba simuliuoti, naudojimo pobadj, adekvatumg modeliuoja-
mai esybei. Taciau neziGrint j minetus skirtingus aspektus, bet kurj skaitme-
ninj dvynj sudaro trys batinos dalys. Todél skaitmeninio dvynio metasavy-
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biy rinkinys, kuris nusako minimalig savybiy grupe, kai skaitmeninis dvynys
yra suprantamas kaip virtuali realios esybés kopija, yra Sis: realios esybés
pobdtdis ir esminiai duomenys, virtualios esybés funkcionalumas, gebéjimas
sgveikauti ir esminiai duomenys, duomeny mainus nusakanti kryptis ir duo-
meny sinchronizacija.

Padéka

Autorius dékoja Duomeny mokslo ir skaitmeniniy technologijy instituto
doc. A. Lupeikienei uz patarimus atliekant tyrimus ir rengiant 3j straipsnj.
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Santrauka. Elektromobilio baterijos likutiné verté (angl. state of health, SoH) yra
baterijos tikrosios elektrinés talpos ir gamintojo nustatytos talpos santykis. Sis
rodiklis apibadina baterijos degradacija. Nuo tikslaus baterijos SoH jvertinimo
priklauso automobilio efektyvumas ir saugumas. Sio darbo tikslas - prognozuoti
baterijos likutine verte, naudojant krovimo jtampos duomenis. Tam parinktas
XGBoost modelis, gebantis prognozuoti elektromobiliy baterijy elementy SoH,
remiantis krovimo jtampos kreiviy poZymiais.

Raktiniai ZodZiai: elektromobiliai, baterijos, jtampos kreivés, SoH, XGBoost

1 |Jvadas

Pastaraisiais deSimtmeciais pasaulyje kyla vis rimtesniy problemuy, susiju-
siy su globaliniu atSilimu ir iSkastinio kuro iStekliy trdkumu, todél Zmones
vis labiau domisi Svarios energijos naudojimu. Tai suteikia poreikj plétoti
elektromobilius, kurie placiai pripazjstami kaip svarbi priemoné kovojant su
aplinkos tarSa ir energijos resursy stoka. Licio jony baterijos placiai nau-
dojamos kaip elektromobiliy energijos Saltinis del jy efektyvumo. Taciau jy
veikimas laikui bégant blogeja dél senejimo ir kity veiksniy, o tai sumazina
baterijy energijos kaupimo ir energijos perdavimo pajeguma. Tikslus bate-
rijos bukles (SoH) jvertinimas tapo svarbiu uzdaviniu elektromobiliy pramo-
néje, nes tai lemia saugy ir efektyvy transporto priemonés funkcionavima.
Siame darbe nuspresta prognozuoti SoH, nagrinéjant keliy jtampos krei-
vés regiony (krovimo ir atsipalaidavimo) poZymius kartu, o ne atskirai, kaip
jprasta literatdroje. Taip siekiama iSnaudoti visg krovimo jtampos kreives
informacija ir potencialiai gauti didesnj prognozavimo tiksluma.

2 Literataros apZvalga

SoH vertinimas placiai sprendziamas uzdavinys literatdroje. [2, 3] straips-
niuose tirti baterijos elektros stiprio, jtampos, temperatdros kreiviy pozy-
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miai. SoH prognozavimui autoriai naudojo RVM, neuroninius tinklus. [4, 5]
straipsniuose pagrjsta, kad praktisSkiausia tirti krovimo duomenis, nes jie
maziau priklauso nuo automobilio vairavimo ypatumy, lyginant su iSkrovos
duomenimis. Kaip modelio poZzymius autoriai naudojo laikg jvairiuose volty
intervaluose, pastovaus stiprio krovimo metu. Parinkti RFR, LS-SVM modeliai.
[6, 71 straipsniuose iS jtampos kreiviy apskaiCiavo tokius pozymius, kaip
pastovaus stiprio krovimo laikas, pastovios jtampos krovimo laikas, jtam-
pos kreives krypties koeficientas fiksuotam volty intervale. Prognozavimui
parinkti GPR ir LSTM modeliai. [8] straipsnyje pagrjsta, kad atsipalaidavimo
periodas po jkrovimo stipriai susijes su SoH. Anot autoriy, naudinga tirti 3j
jtampos kreivés regiong, nes jis maziau priklauso nuo krovimo salygy. 13
jtampos kreiviy atsipalaidavimo metu apskaiciuoti statistiniai poZzymiai, SoH
prognozavimui parinkti SVR ir XGBoost modeliai.

3 Duomenys

Duomenys paimti iS vieSai prieinamo duomeny rinkinio, kuris buvo nau-
dojamas [8] straipsnyje. Duomenys surinkti laboratorijoje testuojant ko-
merciskai prieinamas li¢io jony baterijas. Testuotos 105 dviejy cheminiy
sudéciy baterijos: nikelio-kobalto-aliuminio (NCA) ir nikelio-kobalto-man-
gano (NCM). Testai atlikti kamerose su kontroliuojama temperatara (25, 35
ir 45 °C). Naudotas pastovaus stiprio - pastovios jtampos (CCCV) krovimo
protokolas ir pastovaus stiprio iSkrova. Vienas baterijos testavimo ciklas
apima penkis procesus: pastovaus stiprio krovimg, pastovios jtampos (CV)
krovimg, 30 min atsipalaidavima po jkrovimo, CC iSkrovima ir 30 min atsipa-
laidavima po iSkrovimo.

Tirti Sie poZzymiai: F1 - pastovaus stiprio krovimo laikas, F2 - pastovios
jtampos krovimo laikas, F3 - jtampos kreives krypties koeficientas volty
intervale [4; 4,2] pastovaus stiprio krovimo metu; F4 - maksimali jtampos
reikSme atsipalaidavimo periode; F5 - minimali jtampos reikSmé atsipa-
laidavimo periode; Ch - baterijos cheminé sudétis; T - baterijos testavimo
aplinkos temperatara.

4 Rezultatai ir iSvados

Tikslui jgyvendinti parinktas XGBoost modelis. Tai ansamblinio mokymo al-
goritmas, paremtas gradienty tobulinimo pasirinkimy medZiais. Sis meto-
das parenka silpnus sprendimy medzius paeiliui ir kiekvienas medis pako-
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reguoja prieS tai parinkto medzio prognozes [1]. Buvo optimizuoti Sie mo-
delio hiperparametrai: maksimalus medzio gylis, minimalus mazgo svoris,
dalinés imties dydis, pozymiy dalis medyje, zingsnio dydis, medziy skaicius.
Hiperparametry optimizavimui naudotas Grid search algoritmas. Mode-
lio prognozavimo tikslumo testinéje aibéje metrikos MAE = 0,0022, MAPE =
0,0027, RMSE = 0,0030. 1 pav. pateiktas grafikas, rodantis mazas paklaidas
tarp prognozuoty ir tikryjy reikSmiy. Taigi Siame darbe parinktas modelis,
gebantis aukstu tikslumu prognozuoti elektromobilio baterijos likutine ver-
te, remiantis baterijos krovimo jtampos duomenimis.

NCA 25 °C NCM 45 °C

<
3 ° Prognozé
0.80 * Tikroji reikSmé

0 50 150 200 0 50 150

100 100
Ciklas Ciklas
1 pav. Dviejy testinés aibés baterijy tikrosios ir prognozuotos SoH reikSmes, didéjant
testavimo cikly skaiciui.
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Abstract. Unit testing is a fundamental aspect of software development, ensuring
the correctness and robustness of code implementations. Traditionally, unit
tests are manually crafted by developers based on their understanding of the
code and its requirements. However, this process can be time-consuming, error-
prone, and may overlook certain edge cases. In recent years, there has been
growing interest in leveraging large language models (LLMs) for automating the
generation of unit tests. LLMs, such as GPT (Generative Pre-trained Transformer),
CodeT5, StarCoder, LLaMA, have demonstrated remarkable capabilities in
natural language understanding and code generation tasks. By using LLMs,
researchers aim to develop techniques that automatically generate unit tests
from code snippets or specifications, thus optimizing the software testing
process. This paper presents a literature review of articles that use LLMs for unit
test generation tasks. It also discusses the history of the most commonly used
large language models and their parameters, including the first time they have
been used for code generation tasks. The result of this study presents the large
language models for code and unit test generation tasks and their increasing
popularity in code generation domain, indicating a great promise for the future
of unit test generation using LLMs.

Keywords: unit test generation, large language model

1 Introduction

Software testing is one of the most important software development
processes, which increases the overall quality and reliability of the final
product [1].

Unit testing is an essential part of software testing methods. Successful
implementation of unit tests can decrease the number of errors in the
final product and increase the efficiency of the developer, thus making
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the software more reliable [2, 9]. Unit tests are used to test units of code,
ranging from functions, methods, procedures, etc. [3]

To optimize the testing of information systems, automated testing tools
are applied, which help developers save resources and time [2]. Currently,
solutions such as Search-Based Software Testing [4] and random test
generation [5, 14] are used for software testing. These solutions are capable
of generating component tests, but often the generated tests are impractical
and difficult to understand [4-6]. Therefore, it has been suggested to use
large language models, which would not only effectively cover system
functionality but also be clear and easily interpretable. Currently, programs
utilizing large language models, such as Github Copilot, can successfully
generate code from code comments or complete the remaining part of a
started code segment[7, 12]. Consequently, itis believed that large language
models can also be employed in unit or component testing.

Upon analyzing scientific research [14, 16] on large language models
and their generated component tests, it is observed that models such
as OpenAl GPT-3 and Codex are the most commonly used LLMs for unit
test code generation tasks. These models are already being used in other
domains, and their potential and effectiveness in the context of test case
generation have not been thoroughly explored.

This paper aims to perform a literature review on studies that analyze
LLMs for unit test generation tasks, to identify which large language models
are used for these tasks and what are the new relationships between large
language models and unit test domains since 2019.

The rest of this paper is structured as follows. Section 2 presents the
review methodology. Section 3 discusses the results obtained in the paper.
Finally, Section 4 concludes the paper.

2 Research methodology

The review methodology was developed and executed according to the
guidelines provided by Kitchenham and Brereton [17, 18]. The structure
of the methodology consists of five steps: (1) preparing of review, (2)
identification, (3) screening, (4) eligibitation (5) developing mapping and
analysis (Figure 1).
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Figure 1. The flow diagram of the systematic literature review
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In the first step, we raised two research questions, which covered the
main research question: What is covered for unit test generation using large

language models?

RQ1: What is the historical evolution of code (unit test) generation using

large language models?

RQ1.1 What kind of large language models are used for code generation?
RQ1.2 Which large language models are used for unit test generation

tasks?

RQ2: What are the new relationships between large language models and
unit test domains in the analyzed period?

To increase the research accuracy we determined the inclusion and ex-

clusion criteria (Table 1):

Studies Inclusion Criteria (IC)

Studies Exclusion Criteria (EC)

I1C1. Studies were published after 2021
IC2. The publication must be written in
English

1C3. The publication is a primary study
1C4. Studies that compare large language
models for unit test generation tasks.
IC5. Studies are in the field of software
engineering or computer science

1C6. Studies which have an empirical
background

EC1. Studies that are duplicates of other
studies of the same authors

EC2. The reported research does not
relate to LLM and unit tests, or the
research is not discussed in the context
of LLM unit test generation

EC3. The publication was not written in
English

EC4. Studies not accessible in full-text

Table 1. Inclusion/Exclusion criteria

The search strategy includes two main terms, which help to define the
search queries: The final search query is developed based on WoS, Scopus,
and Google Scholar databases search requirements as follows:

1. The SQ1 was created and applied as follows: specify the primary search
keywords based on the main research question; find substitute alternatives
for the large language models (LLMAlternatives) such as GTP-4, Codex, etc.

SQ1: LLMAlternatives AND code AND (generation OR automation)

2. Search query (SQ2) decides RQ1.2 and RQ2 and covers terms related
to unit tests: unit test and component test and terms related to large
language models: large language model and LLM.

SQ2: (“unit test*” OR “component test*”) AND (“large language model*” OR

LLM OR LLM’s)
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The identification step was performed the search using the defined
search query in three scientific databases such as WoS and Scopus, and
Google Scholar (databases set of scientific papers), using these limitations:
articles written in only English language (I1C2), the document type was only
articles, the article should be covered only subject area Computer Science.
After searching by selected search query were obtained 37 articles from
2019 to 2023. Because the same search query was performed in three
different databases, in the screening step, was removed duplicated studies
(11 studies removed) and records were verified by inclusion/exclusion
criteria (4 studies excluded). A deeper analysis of the found articles allowed
us to notice that some articles we knew about weren'tincluded in the search
results. That way, we used snowball sampling and added several scientific
articles (4 studies), which included the mentioned terms and the main
scientific question. An interim analysis of the keyword map from 9 articles
indicated the need to apply a relevancy analysis of full-text articles (eligibility
step). The full text of each study is assessed for eligibility (15 excluded) and
each study is validated based on whether it performs research on unit test
generation using large language models (2 excluded).

3 Results of systematic literature review

In the emerging application of using Large Language Models for generating
unit tests and the limited research in this domain, this study instead aims
to examine the increasing adoption of LLMs in code generation tasks. By
performing a literature review in Section 2 it was observed, that only 9
studies were retrieved. This result wouldn't yield sufficient data to analyze
the popularity of LLM's. Amore abstractterm ,code generation“was selected
to retrieve a larger number of studies (SQ1), improving the overall accuracy
of the chronological distribution of the papers diagram in Figure 2. ,Unit
test generation” is a subtopic of ,code generation tasks” [7], thus we can
assume, that LLM's ability to generate code makes it able to generate unit
tests. The chronological distribution of papers on LLM for code generation
tasks is shown in Figure 2. The papers selected were published from 2019
till the end of 2024 (RQ1).

From Figure 2 we can notice, that the highest number of studies related
to LLM and code generation tasks is observed in the year 2023 with a total
of 135 studies, contributing to 54.87% of the overall number of studies
since the year 2019 (RQ1.1). This indicates that research on LLMs and code
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generation tasks has been growing in popularity over the years with an
average of 56.82% annually. The number of publications for each LLM in
Figure 2 indicates, that these models can be used for code generation tasks
(RQ1.1). Codex, released in 2021, is the highest-researched LLM for code
generation tasks included in 21.9% of all the studies analyzed in Figure 2.
Another popular LLM is GPT-2 having an equal number of research papers
as Codex, but was released in 2019 and indicates a stagnation or decrease
in the number of papers since 2022. Another highly researched LLM is GPT-
3, having 50 studies since 2020 and gaining popularity annually. The highest
number of LLMs with the ability to generate code was released in 2023.

50 | |
@ _ count of articles at yearX.
X targe tanguage mode! with number of parameters
25 =
o X |-vear,including large language models released in X year
s
: |
5
5 8
3 -
S 1 O= )
Year, —— — -
2019 2020 2021 2022 2023
GPT-2 GPT-3 ‘ ‘ CODEX ‘ ’ CodeGen ‘ ‘ LLaMA ‘
158 1758 128 168 658
~ CodeT5 StarCoder
J BERT @ 168 LA EETY)

e

Figure 2. Chronological distribution of papers by large language models used for code
generation tasks.

In addition to RQ1.2. From gathered papers [8-16] using the literature
review in Figure 1, it was noticed that for unit test generation tasks, models
such as Codex, GPT-3, StarCoder, and GPT-4 were used. Figure 2 indicates
the rising popularity of LLM's ability to generate code. These results indicate
that with the rising popularity of LLM, more distinct topics are selected for
research of this model, such as unit test generation, while less researched
models are excluded from such topics.

For the second research question (RQ2), it was decided to perform a
keyword map from articles gathered in Figure 1. The creation of a keyword
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map was selected for its ability to distinguish associations between different
keywords and group these keywords into clusters, thus improving the
analysis process. The keyword map was developed by using the VOSviewer
tool. The original result contained 49 unique keywords. It was noticed that
some of the keywords didn‘t indicate the contextual relationship between
LLMand unittests, these keywordsincluderesearchtype(,review",  literature
survey”, ,literature review”), abstract keywords (,agenda”, ,group”, ,focus”,
~codes"). After removing these keywords, 31 items remained and a keyword
map was developed using VOSviewer in Figure 3.

large langliage model
artificial iptelligence

testingitools

coveraggitesting software testing life cycle

mutatiopitesting
pre-trainiig model

test §mells
softwat@testing lim

unit testing
generdtive task

large langdage models

test genperation t
e pre-trained large language mod

software @pgineering
javaseript
natural language processing
jupit
8pt

language models
U8 transfermers

4 software dgvelopment

coda modelgeneratlve afificial intellig

Figure 3. LLM and unit test keywords map

Generated keyword map in Figure 3, aims to answer RQ2. We can see
that the 6 clusters were formed. The most frequent keywords were “test
generation” and ,software testing”. Most associations to other clusters were
made through “software testing” keyword. “Test generation” keyword is
connected with ,gpt-4“, ,large language models”, ,code models” keywords,
which indicates the type of tools/models that were used for test generation
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tasks in the studies. “Test generation” keyword also associated with type of
unit test quality testing, which is in a color purple cluster. ,Software testing”
is associated with “llm” keyword that indicates, that studies were mostly
using large language models for testing software.

Summing up, according to the historical overview, the analyzed topic
of the unit test generation using large language models is quite new based
on the scarcity of articles surrounding it, but it is becoming more and more
frequent and since 2023, it has had the highest increase in its relevance.
Most studies in recent years have performed research with Codex and GPT-
3 large language models.

4 Conclusion and Future Work

This study is a systematic literature review of studies researching large
language models and their capability to generate unit tests. It was noticed
that LLM and unit test generation topics are new, and related research on
these topics is relatively tiny. LLM and code generation tasks have been
gaining popularity since 2019, with an average increase of 56.82% annually.
From deeper analysis, we can indicate that models such as Codex, GPT-
3, StarCoder, and GPT-4 were used for unit test generation tasks. From
generating the keywords map, it was noticed that unit test generation
has relationships not only with various Al artifacts but also relevant to the
quality aspects of the test generation process and test quality.

The results of this study indicate future works in the analyzed area. First,
the quality criteria are determined, which helps to evaluate the quality of
generated unit tests. The second challenge is research, which shows the
activity chain for the test development process using LLMs.
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Santrauka. Reagavimas j klaidingus iSkvietimus trikdo ne tik sklandy saugos
paslaugy veikima, bet ir eikvoja energijos isteklius, didina i§metamy SESD emisija
bei transporto atlieky susidaryma. Sio tyrimo tikslas sukurti klaidingy i$kvietimy
aptikimo modelj, kuris leisty efektyviau valdyti reagavimo j iSkvietimus procesa.
Pasidlyta modeliavimo strategija remiasi ansamblinio maSininio mokymosi me-
todais bei pasizymi gana aukstu tikslumu, £, jvercio reikSmeé lygi 0,887. Imituo-
jant realias aplinkos sglygas buvo atliktas eksperimentinis pasidlytos metodikos
testavimas, tokiu badu patvirtinant jos efektyvuma bei prognozavimo tiksluma.
Raktiniai ZodZiai: XGBoost, ansamblinis modelis, klasifikavimas, klaidingi iSkvie-
timai, objekty sauga

1 Jvadas

Klaidingas iSkvietimas nusako situacija, kai atliekamas iSkvietimas j mano-
mai pavojingg ar nukrypstancig nuo standarty situacija, taciau iSsiuntus rea-
gavimo ekipazg pastebima, kad poreikis | reagavimg néra reikalingas. Su
klaidingais iSkvietimais daZniausiai susiduriama apsaugos ir saugumo sis-
temose, kuriose naudojami judesio, jsilauzimo davikliai ir stebéjimo kame-
ros, kurios reaguodamos | jvairius aplinkos veiksnius perduoda iSkvietimo
signalg j operacijy centra. Taciau galimi sistemos gedimai, gyviny elgesys ar
kiti veiksniai gali salygoti klaidingus iSkvietimus, kurie trikdo sklandy saugos
paslaugy veikimg, turi neigiamg jtaka efektyviam resursy naudojimui bei
mazina pasitikéjima saugos sistemomis.

Siekiant gerinti siilomy saugos paslaugy kokybe, atsiranda poreikis
diegti klaidingy iSkvietimy analizés sistemas. Tokio pobaddZio sistemos yra
naudingos saugos tarnyboms, vieSosios tvarkos tarnyboms, specialiosioms
bei panaSaus pobudZio tarnyboms kadangi padeda efektyviai valdyti reaga-
vimo j iSkvietimus procesg, bei Zenkliai sumazinti transporto naudojima -
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taupyti energijos iteklius (kurg, elektros energijg), mazinti iEmetamy SESD
emisijg, mazinti transporto atlieky susidaryma.

Siame straipsnyje pristatomi eksperimentiniai tyrimai, kuriy tikslas re-
miantis iSkvietimy | objektus istoriniais duomenimis, sudaryti tikimybinj
klaidingy iskvietimy aptikimo model;. Atlikta analizé apima problemos ana-
lize, duomeny paruoSima ir pradine analize, svarbiy pozymiy identifikavima
bei eksperimentus su skirtingais klasifikavimo modeliais. Remiantis ekspe-
rimenty metu gautais rezultatais, sukurtas klaidingy iskvietimy aptikimo
modulio maketas.

2 Literatdros apZvalga

Straipsnyje [1] pristatomas hibridinis iSkvietimy (angl. alarm) vertinimas.
Autoriy teigimu, sillomas sprendimas sugeba jvertinti 30 ttkst. iSkvietimy
per sekunde, taip sprendziant sistemos perkrovos ir patikimumo gerinimo
uzduotis. Tyrime [1] naudojami Sitasys, London ir San Francisko tikry iSkvie-
timy duomeny rinkiniai. Dirbtinio intelekto modeliui kurti naudoti keturi al-
goritmai: atsitiktiniai medZiai (angl. random forest), logistiné regresija (ang|.
logistic regression), atraminiy vektoriy masina (angl. support vector machine)
ir neuroninis tinklas. Atlikus eksperimentus pastebéta, kad geriausiai veikia
atsitiktiniy medziy klasifikatorius, kuriuo pasiekiamas 92 % tikslumas. Tyri-
me pabréZiama, kad masininio mokymosi modeliai turéty bati kuo papras-
tesni, siekiant efektyviai dirbti su didelio srauto duomenimis.

Straipsnyje [2] pristatomas jsilauzimy j pastatus aptikimas, naudojant
Wi-Fi kanaly btsenos (angl. channel state) informacijg. Autoriai atlieka klasi-
fikavimg naudojant atraminiy vektoriy klasifikatoriy, kurio pagalba nustato-
ma ar buvo jsilauzta pro langg ar pro duris. Sudarytas modelis buvo istes-
tuotas atliekant daugiau nei 200 eksperimenty, kuriy metu nustatyta, kad
jeigu namie néra pasalinio judesio, sukurtas modelis veikia 94,5 % tikslumu,
jeigu juda vienas pasalinis asmuo sistema veikia 84 %, kur 1,7 % yra klaidin-
gi iSkvietimai, atvejais kai uzfiksuojamas dviejy asmeny judéjimas modelis
veikia 69 % tikslumu.

Straipsnyje [3] pristatomas klaidingy skubios pagalbos iSkvietimy nusta-
tymas, analizuojant skambinanciojo elgseng ir vietg. Tyrime pristatomas ri-
bine verte paremtas vertinimas, siekiant iSskirti klaidingus iSkvietimus. Kiek-
vienam objektui priskiriamas patikimumo koeficientas f, kuris atnaujina-
mas, po kiekvieno atlikto iSkvietimo pagal tai ar tas iSkvietimas pasitvirtino,
ar ne. Inicializuojama freikSme lygi 0. Atveju, kada iSkvietimas yra klaidingas
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freikdmé padidinama 1. Sis koeficientas yra lyginamas su dviem slenkstiné-
mis ribomis f, ir f,, kurios naudojamos skambinanciojo patikimumo jverti-
nimui. Patikimi skambinantieji laikomi tie, kuriems f < f,, ir jtartini, kurie f; <
f <f, o ignoruojami, tie kuriems f > f,. Sistema veikia pasitikéjimo principu,
todel patikimi skambinantieji néra analizuojami.

Straipsnyje [4] pristatomas klaidingy iSkvietimy aptikimas naudojant
statistinius metodus. Tyrime, taikomiems algoritmams jvertinti naudoja-
ma klaidingai teigiamy rezultaty daznis (angl. false positive rate), tikslumas
(angl. precision), teisingumas (angl. accuracy), jautrumas (angl. sensitivity)
ir specifiSkumas (angl. specificity). Modeliy karimui naudojama trijy etapy
strategija: sensoriy istoriniy duomeny, kurie veikia normaliomis sglygomis,
surinkimas ir statistinio modelio sudarymas, kontrolinés ribos nustatymas
sudarytam modeliui ir gyvo srauto stebeéjimas. Straipsnyje pastebima, kad
nors ir egzistuoja nemazai tyrimy analizuojanciy klaidingy iSkvietimy aptiki-
ma, taciau optimalus sprendimas, kuris leisty praktikoje identifikuoti tokius
iSkvietimus, nerastas.

Straipsnyje [5] pristatomas iSkvietimy pozymiy aptikimas, dideliame i3-
kvietimy duomeny sraute. Anot autoriy dideli srautai yra viena pagrindiniy
priezasciy, kodel iSkvietimy sistemos pasizymi prastu efektyvumu ir duo-
da mazai naudos. Autoriai naudoja uzdary asociatyviniy taisykliy iSskyrimag
(angl. closed association rule mining, CHARM). Sidlomas sprendimas veikia
trimis etapais: didelio srauto nustatymas, uzdary Sablony (angl. patterns)
nustatymas ir atitinkamy Sablony nustatymas. Vidutinis algoritmo veikimo
laikas 2 minutés. Autoriai teigia, kad sidlomas sprendimas yra veiksmingas
ieSkant pavojaus signaly Sablony bei padeda sumazinti srauto pertekliy.

3 Tyrimo metodai

Tyrime naudoti logistinés regresijos, Gauso maisSos, SGD, artimiausiy kai-
myny, sprendimy ir atsitiktiniy medZiy misko, gradientinio didinimo, LGBM,
XGBoost klasifikatoriai ir ansamblinis modeliy junginys.

XGB metodas yra vienas i$ daZniausiai naudojamy gradiento didinimo
sprendimy medZziy algoritmuy. Jo atveju prognozeés tikslumas patobulinamas
kuriant daugybe modeliy ir akcentuojant tuos mokymo atvejus, kurie yra
sunkiai jvertinami. Taip generuojami pradiniai modeliai skirstomi j dvi gru-
pes: silpnus ir stiprius. Silpnas modelis yra algoritmas, kuris veikia tik Siek
tiek geriau nei atsitiktinis spéjimas, tuo tarpu stiprus modelis yra tikslesnis
prognozavimo ar klasifikavimo algoritmas, kuris yra stipriai koreliuotas su
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sprendziama problema. XGB modeliuose silpnaisiais modeliais laikomi pra-
diniai sprendimy medziai. Kiekvienas medis bando sumazinti ankstesniojo
klaidas. Nors augantys medziai yra silpnai besimokantys, taciau pridedant
daug medziy is eilés ir kiekviename iS jy atsizvelgiant | praeity medziy klai-
das, padidéja efektyvumas ir modelio tikslumas. Kadangi medziai yra pride-
dami nuosekliai, mokymosi algoritmas yra létas, taciau tikslus.

Sudaryty klienty atmetimo prognozavimo modeliy tikslumui jvertinti
buvo pasirinkti placiai taikomi tikslumo matai: tikslumas (angl. precision),
isamumas (angl. recall) ir F, kriterijus. Sie matai apskai¢iuojami naudojant
maiSaties matricg (angl. confusion matrix), kuri apibendrina klasifikavimo al-
goritmy efektyvuma ir yra sudaryta is teisingy teigiamy (angl. true positive,
TP), teisingy neigiamy (angl. true negative, TN), klaidingy teigiamy (angl. false
positive, FP) ir klaidinagy neigiamy (angl. false negative, FN) atvejy skaiciy.
Tikslumas gali bati apibréztas kaip modelio klasifikavimo kokybés matas ap-
skaicCiuojamas remiantis formule:

TP
TP+FP’

precision =

ISsamumas apibréziamas kaip santykis tarp teisingai suklasifikuoty tei-
giamy atvejy skaiciaus ir visy teigiamy atvejy skaiciaus:
TP
FN+TP’

recall =

F, matas yra tikslumo ir iSsamumo maty harmoninis vidurkis. Apskai-
Ciuojant F, jvertj yra jtraukiamos neteisingai suklasifikuotos reikSmeés, todel
Sis matas nusako, kiek tikslus ir grieztas yra klasifikatorius atsizvelgdamas
ne tik j teisingai suklasifikuotus atvejus, bet ir j blogai suklasifikuotus. F; ma-
tas gali bati apskai¢iuojamas remiantis formule:

" precisionsrecall

F1=2

precision+recall’

4 Tyrimo duomenys

Siame tyrime analizuojami istoriniai saugos tarnybos i3kvietimy duome-
nys. Duomeny aibe sudaro informacija apie 12 598 objektus stebimus 2019
gruodzio 1 d. - 2021 lapkricio 30 d. laikotarpiu. Analizuojami duomenys api-
ma: informacijg apie iSkvietimus ir stebimus objektus, meteorologine infor-
macijg bei nusikalstamas veiklas analizuojamoje lokacijoje.

Pirmojoje kategorijoje fiksuojama informacija apie atlikty iSkvietimy
laiko Zymes (angl. timestamp) ir reagavima j gautg iSkvietimg, reaguojamo
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objekto miestg, adresg, rajong, geografines koordinates ir objekto paskir-
ti. Antrojoje kategorijoje pateikiama oro temperatdra, matuojama Celsijais,
véjo greitis, metrais per sekundé ir krituliy kiekis milimetrais. Treciojoje
kategorijoje pateikiama informacija apie nusikalstamy veiky pasiskirstyma
pagal lokacijas. Sie duomenys gaunami i3 nusikalstamy veiky Zinybinio re-
gistro duomeny Zemeélapio!. Siame tyrime naudojami duomenys apima
nusikaltimo data, nusikalstamos veikos tipg ir uZfiksuotos veikos lokacijg
(koordinates), pagal kurig apskai¢iuojamas nusikaltimy skaicius analizuoja-
mo objekto aplinkoje.

5 Pradiné duomeny analizé

Siekiant susipazinti su turimu duomeny rinkiniu, jgauti jZvalgy apie duome-
ny pasiskirstyma bei sarysius tarp pozymiy, buvo atlikta pradiné duomeny
analizé. Duomenys gaunami is trijy srauty, todel pradinés duomeny analizé
pradéta nuo pateikty duomeny apjungimo. Apjungta duomeny rinkinj su-
daro 289 337 stebiniai (iSkvietimai), uzfiksuoti 12 598 objektams. Kiekvieng
stebejimg apibddina 11 pozymiy, kurie priklauso keturioms anksciau prista-
tytoms kategorijoms.

Pradiné duomeny analizé pradéta nuo priklausomojo kintamojo pa-
siskirstymo analizés, Zr. 1 lenteléje. Nesunku pastebeti, kad analizuojama
duomeny imtis yra subalansuota, t. y. reagavimo j iSkvietimus poZzymis pa-
siskirstes tolygiai.

1 lentelé. Duomeny rinkinio stebéjimy pasiskirstymas

Bendras stebéjimy Klaidingy iSkvietimy Tikry iSkvietimy
skaicius skaicius skaicius
289337 144685 144652

ISkvietimy pasiskirstymo analizé Lietuvos rajonuose pateikta 1 pav.
Pastebima, kad Vilnius ir Vilniaus rajonas turi Zymiai daugiau fiksuojamy
iSkvietimy. Be to, Siuose regionuose, klaidingy iSkvietimy yra uZfiksuojama
daugiau negu reaguotiny. Panasi tendencija taip pat pastebima TelSiy, Pa-
nevézio ir Marijampolés regionuose.

Tyrimo metu taip pat buvo analizuojama savaités/paros laiko jtaka rea-
gavimui | iSkvietimus. Atlikus iSkvietimy skaiCiaus pasiskirstymo savaiteje

T https://maps.ird.lt/map/
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analize, kuri pateikta 2 pav., pastebéta, kad darbo dienomis, t. y. pirmadie-
nj-penktadienj, j iSkvietimus reaguojama reciau, be to, bendras iSkvietimy
skaicius yra maZesnis, negu savaitgaliais. Sestadieniais pastebimas bendras
iSkvietimy suaktyvéjimas, tiek klaidingy, tiek ty kuriems saugos tarnybos
skiria didesnj demesj. Tuo tarpu sekmadieniais sumazéja klaidingy iSkvie-
timy ir padidéja reaguotiny iSkvietimy skaicius lyginant su darbo dienomis.

50000 Ne reagavo

- reagavo

20000

30000

20000

10000

Utena apskr.
Siauliai apskr.
Vilnius apskr.

Telsiai apskr.
Kaunas

Klaipeda apskr.
Kaunas apskr.
Alytus

Alytus apskr.
Vilnius

Utena

Klaipeda
Panevezys apskr.
Marijampole
Siauliai apskr.
Teléiai apskr.
PanevéZys apskr.
Marijampole apskr.
Taurage apskr.
Taurage

1 pav. Reagavimo j iSkvietimus pasiskirstymas, pagal savivaldybes

25000
Ne reagavo
EEN Reagavo
20000 1
15000 1
=
H
8
10000
5000 -
o -
Pirmadienis Antradienis Treciadienis Ketvirtadienis Penktadienis Sestadienis Sekmadienis

2 pav. Reagavimo j iSkvietimus pasiskirstymas, pagal savaités dienas

Analizuojant iSkvietimy daznuma (Zr. 3 pav.) pastebima, kad maziausias
iSkvietimy skaicius yra fiksuojamas Ziema, pirmoje mety puséje, t. y. sau-
sio ir vasario ménesiais. Pavasarj iSkvietimy skaicius pradeda staigiai aug-
ti ir pikg pasiekia vasarg, t. y. birzelio-liepos ménesiais, po to pradeda vel
palaipsniui mazeti. Toks tendencingumas badingas tiek 2020 metais, tiek
2021.
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3 pav. ISkvietimy daznumas

6 Duomeny paruoSimas

Tyrimo metu, buvo atlikti Sie duomeny paruosimo Zingsniai: skirtingy duo-
meny Saltiniy apjungimas, naujy poZzymiy kdrimas, treniravimo ir testavimo
imties sudarymas ir pozymiy reikSmiy normalizavimas.

Tyrime naudoti duomenys gaunami i$ trijy Saltiniy, buvo apjungti re-
miantis ilgumos ir platumos koordinatémis. Siekiant analize papildyti nusi-
kalstamy veiky duomenimis kiekvienam objektui buvo priskirtas nusikals-
tamy veiky lygis uZfiksuotas 1 km spindulio atstumu. Taip pat buvo sukurti
nauji kintamieji nusakantys ar gauto iSkvietimo lokacija yra miesto centre, ar
iSkvietimas buvo gautas Sventine dieng, ar iSkvietimas buvo gautas savait-
galj, taip pat mety bei paros laikg nusakantys kintamieji, suminio iSkvietimy
skaiCiaus kintamieji, reagavimo daznumo kintamieji bei laiko tarpus tarp is-
kvietimy nusakantys kintamieji.

Ansambliniui (angl. ensamble) modeliui apmokyti kurtos treniravimo,
testavimo ir tikrinimo (angl. validation) duomeny aibés. Treniravimo duo-
meny aibe sudare 50 %, testavimo ir tikrinimo aibes po 25 % procentus
duomeny rinkinio.

7 Rezultatai

Siekiant jvertinti bei palyginti klasifikavimo metody rezultatus buvo taiko-
mas kryzminio patikrinimo metodas su parametru k=5 (angl. 5 fold cross-va-
lidation). Siuo atveju, duomeny imtis yra dalinama j penkias dalis, kur viena
i$ daliy yra naudojama testavimui, o likusios modelio apmokymui. Modeliy
galutiniai rezultatai yra Siy 5 testavimo imciy vidurkiai. Gauti rezultatai pa-
teikiami 2 lenteléje.
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2 lentelé. DI modeliy rezultatai gauti kryzminio patikrinimo metodu (angl. cross-vali-
dation)

Modelis F, Tikslumas ISsamumas
LogisticRegression 0,718 0,718 0,718
GaussianNB 0,682 0,691 0,674
SGDClassifier 0,726 0,744 0,723
KNeighborsClassifier 0,680 0,720 0,720
DecisionTreeClassifier 0,652 0,654 0,642
RandomForestClassifier 0,727 0,735 0,716
GradientBoostingClassifier 0,734 0,724 0,724
LGBM(Classifier 0,736 0,741 0,719
XGBClassifier 0,737 0,748 0,727

Pastebeta, kad ,XGBoost" klasifikatorius pasizymi ne tik didziausia iSsa-
mumo jvercio reikSme, taciau ir didziausiomis kity tikslumo metriky reiks-
memis. Todél sekan¢iame etape pasirinkta atlikti Sio modelio tinkamiausiy
hiperparametry paieSka. Hiperparametry paieSkai naudoti treniravimo ir
tikrinimo (angl. validation) duomeny aibés. Remiantis naujai gautu hiperpa-
rametry rinkiniu ir testavimo imtimi buvo atliktas ,XGBoost" klasifikatoriaus
testavimas, kurio rezultatai parodé, kad modelis pasiekia 0,792 teisingu-
ma (angl. accuracy), tiksluma (angl. precision) ir iSsamuma (angl. recall) ir
F, ivertj, t.y. atlikta hiperparametry paieSka turejo teigiamg jtakg rezultaty
kokybei.

Siekiant padidinti klaidingy iskvietimy aptikimo modelio efektyvumag,
pasirinkta apmokyti ansamblinj modelj, sudarytg iS keturiy modeliy, t. y.
sprendimy medzio klasifikatoriaus, artimiausiy kaimyny klasifikatoriaus, at-
raminiy vektoriy masinos klasifikatoriaus ir ,XGBoost" klasifikatoriaus, su
rastu geriausiu hiperparametry rinkiniu.

Masininio mokymosi modeliai, pasirinkti siekiant uZztikrinti dvi esmines
ansambliniy modeliy sudarymo taisykles: modeliai turi bati skirtingi ir mo-
deliai turi pasizyméti geru tikslumu.

Vidiniai ansamblio modeliai mokinti naudojant treniravimo duomeny
aibe. Pasinaudojant tikrinimo duomeny aibe atlikti prognozavimai ir gauti
procentiniai tikro iSkvietimo jverciai pateikti pagrindiniam ,XGBoost” mode-
liui apmokyti. Naudojantis testavimo imtimi, atlikti pilno ansamblinio mode-
lio prognozavimai ir gauti tyrimo rezultatai.
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Gauti rezultatai rodo, kad Siuo atveju pasiekiamos teisingumo (angl.
accuracy), tikslumo (angl. precision), iSsamumo (angl. recall) ir F, jvercio
reikSmés yra lygios 0,887, t. y. sudarytas klaidingy iSkvietimy aptikimo mo-
delis pasizymi auksStu tikslumu.

8 ISvados

Tyrimo metu analizuojami saugos tarnyby duomenys siekiant sukurti klai-
dingy iskvietimy aptikimo metodikg. Pirmiausia buvo atliktas duomeny
apjungimas, pradiné duomeny analize, duomeny paruoSimas ir modeliy
karimo eksperimentai. Skirtingy Saltiniy duomenys apjungiami, siekiant
gauti kiek jmanoma daugiau jzvalgy apie iSkvietimo patikimumg. Duomeny
analizes metu buvo nustatyti tikry ir klaidingy iSkvietimo tendencingumai, |
kuriuos atsizvelgus buvo kuriami nauji poZymiai.

Remiantis atlikty eksperimenty su skirtingais modeliavimo metodais re-
zultatais, klaidingy iSkvietimy aptikimui rekomenduojama taikyti ,XGBoost"
klasifikatoriy, kadangi Sis metodas pasizyméjo didziausiu tikslumu. Siekiant
pagerinti modelio efektyvuma, buvo atlikta hiperparametry paieska. Rezul-
tate modelio kokybés rodikliai, apimantys teisingumo, tikslumo, iSsamumo
ir F; jvercius pagereéjo iki 0,792. Norint pasiekti aukstesnj prognozavimo tiks-
luma buvo sukurtas ansamblinis modelis, kurj sudaré ,XGBoost", sprendimy
medZiy, atsitiktiniy kaimyny ir atraminiy vektoriy klasifikatoriai. Panaudojant
ansamblinio modelio rezultatus, buvo apmokytas galutinis ,XGBoost" klasifi-
katorius, kuriuo pasiekiamas 0,886 tikslumas ir iSsamumas.
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Propagandos atpazinimas lietuviSkame
tekste naudojant transformeriais pagrijstus,
iS anksto apmokytus daugiakalbius
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Santrauka. Didéjant informacijos kiekiui ir jos svarbai visuomenéje atsiranda vis
didesnis poreikis automatiniy jrankiy, gebanciy atpazinti propagandg. Dél geo-
politinés situacijos Lietuvos valstybé gali bati ypatingai pazeidZziama propagan-
diniy mechanizmy, o automatinis jos atpazinimas lietuviSkuose tekstuose yra
nepakankamai i$tyrinéta sritis. Sio darbo tikslas - ibandyti 3 pagrindinius trans-
formeriais pagrijstus, i$ anksto apmokytus daugiakalbius modelius propagandos
atpazinimui. Sprendziamas binarinis klasifikavimo uzdavinys, priskiriant tekstui
propagandinio arba nepropagandinio teksto klase. LitLat, XLM-R ir mBERT mode-
liai adaptuoti apmokant eksperty suanotuotu duomeny rinkiniu. Nors geriausia,
88,5 % F1 statistikos jvert] pavyko pasiekti adaptavus LitLat i$ anksto apmokyta
modelj, kiti Siame darbe adaptuoti modeliai pasiekia panasius rezultatus.

Raktiniai ZodZiai: propagandos atpazinimas; daugiakalbiai modeliai; transfor-
meriai; i$ anksto apmokyti modeliai; modeliy adaptavimas.

1 |vadas

Siuolaikinéje informacijos eroje politiniai procesai pasaulyje yra stipriai vei-
kiami propagandos [1]. Propagandiniai mechanizmai formuoja visuomenes
pozilrj, elgseng ir veiksmus per sistemingg jvairios informacijos skleidi-
ma bei sgmoningg fakty manipuliavima. Siais laikais internetiné erdve yra
vienas svarbiausiy kanaly, per kuriuos tokia informacija plinta [2]. Nors
jvairiuose kontekstuose propaganda gali turéti jvairig - tiek teigiama, tiek
neigiamg - konotacija, dabar iS tam tikry Saltiniy sklindanti Si informacija

Siy reiskiniy neigiamas poveikis visuomenéms tampa vis akivaizdesnis,
todél Siuo metu yra aktyviai vystomi tyrimai automatinio propagandos at-
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pazinimo srityje [3][4]. Pasitelkiant nattralios kalbos apdorojimo ir giliojo
mokymosi metodus kuriami modeliai, gebantys spresti su propaganda susi-
jusias problemas. Sis darbas tyrinéja propagandos aptikimg tekste. Pazan-
giausi tokio tipo tyrimai ieSko bady efektyviai spresti uzdavinj, kurio tikslas -
tekste nustatyti teksto fragmentus, kuriuose yra propagandos techniky.
Toks uzdavinys daznai skirstomas j du dalinius uzdavinius: pirmojo uzdavi-
nio - Fragmento Identifikavimo (angl. Span Identification) - tikslas yra tekste
atpazinti konkrecius propagandos fragmentus; antrojo uzdavinio - Techni-
kos Klasifikacijos (angl. Technique Classification) - tikslas - teksto fragmentui,
kuris yra nustatytas kaip propagandinis, priskirti jame naudojamas techni-
kas i§ propagandos techniky sara$o [3]. Siame darbe ibandomi 3 pagrin-
diniai transformeriais pagrijsti, iS anksto apmokyti daugiakalbiai modeliai,
apmokyti ir lietuviy kalba, sprendziant paprastesnj, binarinj propagandos
klasifikavimo uzdavin;.

2 Transformeriais pagrjsti kalbos modeliai

Transformeriais pagrjsti kalbos modeliai jau kurj laikg dominuoja nataralios
kalbos apdorojimo tyrimy srityje. Siy modeliy neuroniniy tinkly architekta-
ra, leidZianti efektyviai uzkoduoti ir atkoduoti Zodine informacijg [5], leido
jiems pasiekti paZzangiausiy rezultaty daugelyje sriciy, jskaitant klasifikavi-
ma, jvardinty objekty atpaZinima, teksto generavima ir kt. Vienas esminiy
Siy modeliy komponenty - démesio mechanizmas - leidzia jiems efekty-
viau uzfiksuoti zodziy kontekstg nei ankstesnes architektdros, tokios kaip
rekurentiniai neuroniniai tinklai (RNN) [5]. Spartus transformeriais pagrjs-
ty kalbos modeliy vystymasis atvede iki tokiy placiai Zinomy ir naudojamy
modeliy rasiy sukdrimo kaip GPT ar BERT. GPT ir kiti panasas dideli kalbos
modeliai (angl. Large language models) yra vienos krypties (autoregresiniai),
t. y. jie generuoja tekstg nuosekliai, Zodis po Zodzio. Todel, nors ir gali bati
sékmingai pritaikyti jvairioms uzduotims, pagrindinis jy gebejimas - teksto
generavimas [6]. Tuo tarpu BERT yra dvikryptis modelis, kuris tekstg gali
apdoroti abejomis kryptimis, t. y. i$ kairés j deSine ir i$ deSinés j kaire [7].
Tai leidZia Siam ir kitiems panaSiems modeliams geriau uZfiksuoti konteksta
ir zodziy tarpusavio rysius tekste, o tai daro jj tinkamesnj uzduotims, ku-
rioms reikalingas gilus konteksto supratimas. Todél BERT Seimos modeliai
yra pazangiausi sprendziant kalbos supratimo, tame tarpe ir propagandos
atpazinimo, uzdavinius [8]. |vairQs i$ anksto apmokyti kalbos modeliai yra
aktyviai tyrinéjami propagandos aptikimo srityje. Dideli kalbos modeliai
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GPT-3 ir GPT-4 pasiekia palyginamus rezultatus [9], taCiau BERT Seimos mo-
delis RoBERTa iSlieka pazangiausias adaptavus jj propagandos atpazinimo
uzdaviniams spresti [8].

Yra sukurta daugybe transformeriais pagrjsty kalbos modeliy, apmoky-
ty angly kalba. Tuo tarpu maziau istekliy turincios kalbos, jskaitant lietuviy,
susiduria su problemomis. Siuo metu néra sukurto nei vieno placiau Zinomo
modelio, i5 anksto apmokyto iSskirtinai lietuviy kalba. Dél Sios prieZasties,
naudojant pazangius i$ anksto apmokytus kalbos modelius spresti lietuviy
kalbos apdorojimo uzduotis, daznai yra pasitelkiami daugiakalbiai modeliai.
Trys placiausiai naudojami tokio tipo uzduotims spresti modeliai yra LitLat
[101, mBERT [11, 12] ir XLM-R [13, 14]. LitLat yra apmokytas lietuviy, latviy ir
angly kalbomis; mBERT ir XLM-R - atitinkamai 106 ir 100 kalby, jskaitant ir
lietuviy. 1 lenteléje vaizduojamas bendras Siy modeliy palyginimas.

1 lentelé. Daugiakalbiy modeliy bendras palyginimas.

Modelis Architektiira Kalby kiekis Zodyno dydis
mBERT BERT 104 119547
XLM-R XLM-RoBERTa 100 250002
LitLat XLM-RoBERTa 3 84201

3 Eksperimento rezultatai

Darbe nagrinéjamy modeliy propagandos atpaZinimo galimybéms iSban-
dyti atliktas eksperimentas: kiekvieno jy adaptavimas ir iStestavimas spren-
dZiant binarinj klasifikavimo uzdavinj. Adaptuoto modelio tikslas - klasifika-
vimas, ar duotas tekstas yra propagandinis, ar ne. Siam uZdaviniui naudotas
eksperty suanotuotas duomeny rinkinys (N = 750), nusakantis, kuriai klasei
tekstas priklauso. Pagal klases lygiai subalansuotas duomeny rinkinys buvo
suskirstytas j mokymo (85 %) ir testavimo (15 %) poaibius.

Kadangi BERT ir RoBERTa architektdros kaip jvestj gali priimti tik iki 512
teksto vienety, susidedanciy i$ Zodziy daliy, skyrybos Zenkly ir specialiy
teksto vienety, ilgio sekas, modeliai buvo apmokyti klasifikuoti 512 teksto
vienety ilgio gabalus. Sie gabalai sudaryti originaly tekstg skaidant slenkan-
Cio lango principu: imama 50 persidengianciy teksto vienety iS senesnio
gabalo ir 462 teksto vienetai i$ originalaus gabalo. Vieng originaly teksta
vidutiniskai sudaro apie 2,73 dalys. Bendrai visiems modeliams adaptuoti
naudoti parametrai pavaizduoti 2 lenteléje.

156 Konferencijos , Lietuvos magistranty informatikos ir IT tyrimai” darbai



2 lentelé. Bendri modeliy apmokymo hiperparametrai. Hiperparametrai buvo parinkti
nepagrindziant pasirinkty jy verciy tyrimais.

Hiperparametras ReikSmeé
Optimizatorius AdamW
Mokymo Zingsnis 2e-5
Paketo dydis 8
Epochy kiekis 2

Modelio testavimas vykdytas kiekvieng testavimo duomeny rinkinio
teksta suskaidzius taip pat j 512 teksto vienety dydzio gabalus slenkancio
lango principu. Kiekvienam Siam gabalui vykdyta atskira klasifikacija. Galu-
tiné prognozé remesi daugumos principu, t. y. galutine prognoze nulemia
tai, kokios klasés gabaly tekste modelis prognozavo daugiau. Rezultatai
pavaizduoti 3 lenteléje. Geriausius rezultatus, 88,5 % F1 statistikos jvertj,
pasiekia LitLat modelis. Tuo tarpu mBERT ir XLM-R modeliy rezultatai tar-
pusavyje yra beveik identiski ir nuo geriausio modelio atsilieka nedaug -
apytiksliai 2,7 %.

3 lentelé. Klasifikavimo rezultatai.

Modelis Tikslumas PreciziSkumas Atklrimas F1
mBERT 0,858 0,867 0,858 0,858
XLM-R 0,858 0,860 0,858 0,858
LitLat 0,885 0,885 0,885 0,885
4 ISvados

Siuo metu pasaulyje automatinis propagandos aptikimas yra aktyviai tyri-
néjama natdralios kalbos apdorojimo sritis. Sis susidoméjimas kyla tiek dél
jos aktualumo socialine, tiek del netrivialumo masininio mokymosi prasme.
Tuo tarpu pana3is uzdaviniai lietuviy kalba néra pakankamai istirti. Siame
darbe buvo iSbandyti 3 skirtingi transformeriais paremti, i$ anksto apmokyti
daugiakalbiai modeliai dvejetainiam propagandos klasifikavimo uzdaviniui
spresti. Pagal visus pagrindinius statistikos jvercius LitLat modelis pasieké
geriausius rezultatus, taciau skirtumas nuo kity, mBERT ir XLM-R, modeliy
neéra ryskus. Atsizvelgiant j Siuos rezultatus visi iSbandyti modeliai gali bati
laikomi tinkamais tolimesniems tyrimams.
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Ateityje planuojame atlikti techniky klasifikavimg ir analizuoti jy rysj
su viso teksto klasifikavimo rezultatais, kuriuos gavome Siame straipsnyje.
Toks metodas leis mums geriau suprasti, kaip atskiri teksto segmentai pri-
sideda prie bendro teksto vertinimo, bei padés iSsiaiskinti, kuriuos temos
dominuoja lietuviskuose, su propaganda susijusiuose, tekstuose.

Padéka

Dékojame projektui ,Propagandos ir dezinformacijos tyrimai: automatinis
atpazinimas masininio mokymo metodais, poveikis ir visuomenés atsparu-
mas” (Lietuvos Respublikos Vyriausybés prioritetiniy moksliniy tyrimy prog-
rama (jgyvendinama per Lietuvos mokslo taryba) ,Visuomenés atsparumo
stiprinimas ir kriziy valdymas Siuolaikiniy geopolitiniy jvykiy kontekste”,
dotacijos numeris S-VIS-23-8) uz suteiktus duomenis ir pagalbg atliekant
analize. Taip pat, esame dékingi Vilniaus universiteto Informaciniy techno-
logijy paslaugy centrui (VU ITPC) uz suteiktus didelio naSumo skaiciavimo
iSteklius.
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