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Introduction

IMachine Learning (ML)| is a still emerging and expanding research field, having a
wide range of scientific and even industrial applications. Although this study focuses
mainly on the scientific side, it is evident that can be used in many real life tasks,
ranging from autonomous driving to offering financial advice or providing targeted
advertisements. It is undeniable how much [ML|has become part of our life, and thus
making it a highly researched topic to this day.

Among its most impactful research field there is|/Automated Program Repair (APR)|,
where techniques being used to automatically identify and correct software bugs
found in source code. The purpose of [APR]is to reduce human intervention by pro-
viding automatic fixes to software bugs, or to detect faulty or vulnerable code early
during development, potentially saving a lot of time and effort. One particularly
successful solution are —originally designed for [Natural Language Processing (NLP)|
tasks— the transformer based architectures, which have shown promising results in
learning patterns of buggy and fixed code versions.

In parallel, [Genetic Algorithmks (GAk) like GenProg or Kali, have also shown
promise in repairing certain kinds of software bugs. They work by mutating the
buggy source codes via so-called operators, which act like code transform recipes.
Every operator takes the code and mutates it slightly (e.g., replaces a variable
name with another randomly) by transforming it in a specific way. This in turn can
produce a slightly modified code, which then can be validated against existing test
cases. are more readily available to use due to their much lower requirements,
however, they are not without faults either. If the search space is vast, then mutation
or crossover operations can take a significant amount of time to produce plausible
patches, which again, are not guaranteed to be "real” fixes for a specific bug. Hybrid
approaches like DeepRepair also exist that try to mitigate these issues applying
to suggest operator selection, instead of choosing randomly. This in turn can more
accurately target specific operators that are more likely to produce a bug-fix.

Beyond |Software Engineering (SE)|[ML] can also be of use in other scientific do-
mains ranging from biology to the creation of more sustainable alternative energy
resources. Models like AlphaFold have helped researchers leap many years into the
future by enabling very accurate protein folding predictions, which can significantly
speed up drug and molecular biology research. Similarly, [Machine Learning is also
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being applied to CO, reduction technologies. One particular field of interest is the re-
duction of CO, through electrochemical cells, which can effectively reduce undesired
greenhouse gases, while also producing highly desirable byproducts, like CO which
later can be readily used in the (petro) chemical value chain.

These applications show the versatility of tools and their use cases. Research
ofML|is capable of bringing about solutions to previously unsolved problems, making
it a worthwhile topic to investigate, as it can advance many research fields to this day.



1. Smarter Repair Pipelines for
JavaScript APR

lAutomated Program Repair (APR) has made notable progress since its earliest stages,
but has mostly ignored the language that basically powers the web, JavaScript. Al-
though one can find many [APR] tools for languages like Java and C, there are not
many general-purpose tools for JavaScript that use test suites to fix bugs. This work
aims to patch this, by introducing GenProgJS, a new [APR] tool for JavaScript that
uses a genetic search approach. This thesis presents GenProgJS as a foundational
tool that the JavaScript [APR] community can build on. It is designed to be clear and
traceable. Also, it is easily interpretable, which is in direct contrast to the “black-
box” nature of many learning-based models. As a benchmark, we used the BugsJS
dataset, which is a collection of real reproducible bugs from well-known open-source
JavaScript projects.

GenProgJS is built on three main parts: a genetic algorithm engine, a set of tools
for changing code, and a testing framework that works with the BugsJS dataset. The
tool uses a standard genetic algorithm, much like the one described in the original
paper. It starts by creating a series of potential solutions, each one being a slightly
different version of the buggy program, represented as a|Abstract Syntax Tree (AST)|
The algorithm then runs for a set number of cycles (or "generations”), doing the
following in each loop:

1. Fitness Check: Each version of the program is tested to see how well it per-
forms. The fitness function is used to reward the algorithm for generating code
with passing tests and penalizes it for failing test cases. The main goal is to
guide the population to a state in which fewer and fewer tests are failing.

2. Offspring Creation: New potential solutions, called offspring, are made in two
ways:

* Mutation: We apply a set of mutation operators to the existing programs
based on certain probabilities. This creates slightly modified versions of
the current candidates.



* Crossover: We pick two parent solutions and mix their [ASTs to create a
new offspring that has a bit of both.

3. Selection: From all the new offspring, the ones that will make up the next
generation are chosen. The algorithm is configured to lean toward those with
better fitness scores, but some variety and exploration is also allowed.
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Figure 1.1: High-level overview of GenProgJS components.

If a program version passes all test cases, we consider it a plausible patch. An
also notable advantage of the algorithm is that it is designed to log the whole process
of patch generation. This means that one can follow the flow of applied operators
and see how the patch mutated along the process, making the evolution of the patch
transparent so that one can see exactly which changes led to a successful repair. This
also brings us to a big part of what makes GenProgJS special. The answer also lies
in its mutation operators, which were built specifically for JavaScript’s dynamic and
script-like nature. Certain ideas were borrowed from C or Java-based tools such as
Astor, but many were created to address the special behaviors of the language. These
include:

* Dealing with null and undefined: The NullCheck operator adds defensive
code (like if (a &% a.loc === 0)) that uses JavaScript’s "truthy” and “falsy”
values to stop errors caused by undefined variables.



* Handling Async Code: The AwaitInserter and AsyncFunction operators
were made to fix bugs in asynchronous code, which is a huge part of modern
JavaScript.

* Working with Dynamic Types: Operators like VarChanger can swap variables
around freely without worrying about strict types, just as a human JavaScript
developer might.

Due to the fact that these operators are designed for the language, GenProgJS
can search for fixes in a way that other tools could have missed before, and can
introduce potential patches that make sense in a real-world JavaScript project. In
this sense, GenProgJS managed to fix 31 bugs in six different projects, of which 12
were semantically similar (or identical) to the developer’s patch. This also takses us
to another theme, the thesis touches upon;

How to tell if a generated patch is actually correct? |Genetic Algorithms can pro-
duce many plausible -meaning that those patches do indeed pass all the test cases—
although not necessarily correct in a sense that they fix the actual bug. Picking
the right one from several candidates is still a widely researched topic today. The
work aims to tackle this problem using code similarity measured with Doc2Vec em-
beddings. The idea is that nicely behaving fixes are usually closer (textually, in a
high-dimensional vector space, called embedding) to the buggy code than their over-
fitted counterparts. By creating an open-source tool and trying new ways to validate
patches, this work provides new ways and a possible baseline for JavaScript [APRL

To address the problem of sorting through all the plausible patches, we proposed
a similarity-based classification system. For our experiments, we limited ourselves to
the ESLint project as this project contained the most single-line errors. The general
steps of the algorithm are as follows.

1. We took a code snippet (the changed line plus a little context) from each plau-
sible patch.

2. We trained a Doc2Vec model on these snippets to turn each piece of code into
a dense vector (embedding).

3. We then calculated the cosine similarity between the vector for each patch and
the vector for the original buggy code.

4. Finally, we ranked the patches. Our theory was that patches most similar to the
original code were more likely to be the right fix.

Our experiment with ranking patches by similarity gave us mixed results.
Although the developer’s fix was often textually similar to the original code, our
Doc2Vec similarity metric was not always a great predictor of correctness. This tells



us that just looking at text embeddings might not be enough to understand the
deeper meaning of the code, and we probably need more advanced models to do a
better job of validating patches.

We also compared GenProgJS to a fine-tuned GPT-2 model. The results showed
that there is a trade-off between the two methods. GPT-2 only fixed 3 bugs, but it
was 100 % precise, meaning that every patch it made was correct and identical to
the developer’s fix. This seems to indicate that[LLMk are great at identifying common
patterns, but might not be able to handle bugs that are more complex or unusual
in sense that the model did not generalize to an extent to recognize such patterns.
GenProgJS fixed a much wider range of bugs (12 correct fixes), showing that genetic
search can, in fact, explore a larger space of possible solutions. This suggests that the
future could lie in hybrid systems that combine the wide-reaching search of genetic
algorithms with the pinpoint accuracy of [LLM.

In summary, we tested GenProgJS on the BugsJS dataset, which includes 352
bugs from 10 different open-source projects. After five separate runs, the tool came
up with plausible patches for 31 unique bugs on six of these projects. We found that
GenProgJS had produced a genuinely correct patch for 12 of those 31 bugs. In five of
those cases, the patch it generated was a perfect match for the one a human devel-
oper had written. Compared to GPT-2, GenProgJS clearly outperforms it by simply
examining the number of patches generated. However, GPT-2 only generated perfect
replicas of the developer fixes if the patch was plausible, which means that it did
not generate false positives. We also found that JavaScript-specific operators, espe-
cially NullCheck and VarChanger, played a role in many of the correct fixes, which
emphasize the fact that language-specific operators can play a big role in producing
plausible and also correct patches.

In the end, this work successfully introduces GenProgJS, the first general-purpose,
test-suite-based [APR|tool designed for JavaScript. By taking the genetic programming
model and equipping it with a set of language-specific operators, it provides a foun-
dation for future work in the field of JS[APR| The comparison with GPT-2 also brings
into focus an important aspect of modern [APRL It shows that more traditional tools,
such as GenProgJS, still have real use in modern|Automated Program Repair], with the
trade-off between exploratory power of (Genetic Algorithms, and the precision of
[Learningtbased models. The results strongly point toward a promising future where
hybrid approaches bring these two worlds together.

1.1 Contributions

In the first thesis group, the contributions are related to the development and evalua-
tion of GenProgJS, a[Genetic Algorithm}-based [APR]designed to repair bugs potentially
present in JavaScript projects, featuring novel genetic operators specifically tailored
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to suit the unique characteristics and flexible nature of the programming language.
He contributed to the results of GenProgJS repairing errors in 31 JavaScript pro-
grams, of which in 12 cases the generated patches were semantically similar to the
ones written by human developers. A detailed qualitative and quantitative anal-
ysis was carried out to assess the generated patches, highlighting the strengths and
weaknesses of the applied genetic operators. A major contribution of this thesis is the
creation of GenProglJS itself, an open-source repair tool built around GA principles,
designed to generate patches for bugs in JavaScript code. Additionally, the author
analyzed the patches generated for the ESLint project, covering 10 different bugs,
by computing document embeddings and measuring the distances between faulty
and plausible code versions. He also laid the foundation for future experiments us-
ing pre-trained GPT-2 models by preparing data processing pipelines and mining a
comprehensive dataset suitable for model fine-tuning.



2. Representation Matters: Deep
LearningrBased Program Repair with
Effective Code Encodings

Many studies in|Automated Program Repair (APR)|have focused on different model se-
tups and how to train them, but the importance of how source code is represented did
not get enough attention. This work emphasizes that the way source code is encoded
is an important factor of [Deep Learningtbased [APR] models’ performance. The core
motivation of this thesis is to empirically investigate how different representations
affect repair outcomes across various transformer-based models and programming
languages (Java and JavaScript). To promote the research of the field the published
works based on this thesis also include the method used for code extraction, and a
publicly available dataset on Zenodo. The code extraction utility is designed in a
way to be language-agnostic (supporting most, if not all popular languages), so that
it could be easily implemented as a plugin to already existing mining software. The
thesis also introduces a large, multi-lingual dataset mined from over 5,000 GitHub
repositories. It contains over 370,000 bug-fixing commits across five popular lan-
guages (C, C++, Java, JavaScript, Python), offering granular, method-level code
snippets, that models can be fine-tuned on. Unlike other datasets, it provides not
just the buggy and fixed code but also the commit messages, opening possibilities for
models that generate both a fix and its explanation.

To demonstrate the importance of code representation, this work presents the
training of different transformer-based models on different code representations and
the evaluation of their performance on multiple datasets in multiple languages. The
models used in this work are as follows:

 T5 and CodeT5: Standard text-to-text transformer architectures, used both
with and without pre-trained weights.

* RoBERTa, CodeBERT, and GPT-Neo: A composite architecture designed to
handle structured data. RoBERTa encodes graph information (from the [AST)),
CodeBERT encodes the source code text, and their outputs are concatenated
and fed to a GPT-Neo decoder to generate the fix.
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One of the key purposes is to highlight the fact that different code representations
can play a significant role in how well the model is performing. This work uses three
different encoding strategies for demonstration.

1. Text-to-Text: The baseline approach where both the buggy (input) and fixed
(output) code are treated as simple sequences of tokens. The model learns to
transform the entire input sequence into the output sequence.

2. Command Sequence (cmdseq): The input is the buggy code as text, but
the model is trained to generate a sequence of edit commands ([INSERT],
[DELETE]) to transform the buggy code into the fixed version. This focuses
the model’s learning on the changes rather than redundant, unchanged code.

3. AST + Text: An enriched input representation that combines the raw text of
the source code with a flattened representation of its This provides the
model with both lexical and structural information, theoretically offering more
representative power to the encoder. The target remains the fixed code as
simple text representation.
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Figure 2.1: High-level approach overview of source code representation experiments.

Experiments were conducted using two primary datasets: a Java dataset from
the CodeXGLUE benchmark and the FixJS dataset for JavaScript. The models were
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trained on an RTX 3090 with training times varying from a few hours to over
a day depending on the model size, dataset, and representation. The metric used to
measure performance was the percentage of exact matches (100 % accuracy) pre-
dicted by the model, where the generated patch must be identical to the developer’s
fix in the dataset. CodeXGLUE benchmark also uses this metric, and while other
metrics are also reported, this was used as a fair evaluation of performance. The ex-
perimental results reveal several insights. For one, there can be a huge performance
gap between two datasets. This simply means that while a model can perform rela-
tively well on a dataset, this does not necessarily translate into the same performance
on others. In our experiments, models trained on the Java dataset consistently out-
performed those trained on FixJS. This is attributed to the Java dataset’s larger size
and potential inclusion of duplicate samples, which may make it an "easier” learning
task compared to the smaller, more strict filtering applied by the FixJS dataset.

The choice of code representation also proved to be highly influential, as no sin-
gle representation is universally superior to the other. For example, the encoding
strategy referred to as cmdseq yielded the best results on the Java dataset, signif-
icantly outperforming models trained on simple text representation. In this case,
some models achieved over 30 % accuracy earning top place among other strate-
gies. On the other hand, when this same strategy is applied on the FixJS dataset, we
got mixed results, where in some cases simple Text-to-Text transformations outper-
form more sophisticated encoding strategies. This is due to the fact that the cmdseq
representation can effectively pack information in some cases, but when there are
multiple edits needed to fix the code, this advantage of information compression
can quickly fade away. This highlights that the effectiveness of a representation is
deeply tied to the characteristics of the dataset and the language. The AST + Text
model, despite being theoretically more powerful due to its access to structural in-
formation, performed poorly in all experiments. We speculate that this could be due
to the decoding challenge or the need for a much larger model to effectively utilize
the combined information. Also, in this case, pre-trained models were not readily
available, as such models are usually not pre-trained on such representation with
large-scale, high-quality datasets.

Another key finding highlighted in this thesis is that fine-tuning also matters. Pre-
trained models such as T5-base and CodeT5-base consistently yielded better results
than training models from scratch or only training the final language model head. To
take an example, CodeT5, being pre-trained on code, showed a significant edge in
performance on the Java dataset.

This study demonstrates that source code representation is a critical, yet still un-
derrepresented factor in the success of [Deep Learningtbased program repair. The
experiments show that there is no solution that fits all datasets and models best; the
optimal representation depends on the specific model architecture, the dataset and
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its characteristics. In conclusion this work presents two key takeaways; each
setting requires its own tailored data representation, and no single repre-
sentation is universally optimal for every dataset and model. By open-sourcing both
the dataset and the extraction tools, these works aim to provide valuable resources
to the community, promoting further research into how refined code representation
strategies can lead to more accurate and effective program repair systems.

2.1 Contributions

In the second thesis group, the contributions are related to the empirical compar-
ison of various source code representation strategies using multiple [Deep Learning]
models evaluated on two different datasets with different languages, highlighting
the impact of input encoding on repair performance. Furthermore, the author in-
troduced a novel, language-agnostic method to extract different levels of granulate
of code segments, and published a new dataset containing such extracted functions
to demonstrate the form of datasets that could be created using the method in sup-
port of the fine-tuning of DLi models. The method could also potentially provide an
extension to the already available data mining software.
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3. Green Energy Through ML:
Optimizing CO- Electrolyzer Cell
Performance

The lelectrochemical reduction of C'O, (CO2RR)|presents a promising pathway to con-
vert a harmful greenhouse gas into valuable chemicals, used in the petrochemical
value chain. However, achieving long-term, stable, and efficient cell operation re-
mains a significant challenge to this day. The third thesis addresses this by introduc-
ing a novel methodology for|Anion Exchange Membrane (AEM)|separated electrolyzer
cells with [Allguided data evaluation and optimization. The primary difficulty in op-
timizing systems lies in the complex parameter space of many controllable
parameters, such as temperature, gas flow, current density, and more.

This work demonstrates that an model, trained on the datasets that resulted
from the logging of the steady-state operation of these electrochemical cells, can ac-
curately predict performance under various operating conditions. The model shows
high precision when predicting the behavior of the same cell under new conditions.
This means, that even when predicting values that the model could never seen be-
fore, it behaves very similarly to the original cell it learned on, basically cloning its
behavior. Furthermore, it also generalizes reasonably well on new cell assemblies,
but otherwise identical electrolyzer cells, showcasing the potential to accelerate the
optimization and industrial-scale applications of this technology.

A custom-built autonomous test station collected extensive experimental data by
systematically varying four key process parameters: current density, cell tempera-
ture, |gas humidifier (GH)|temperature, and CO, inlet flow rate. This resulted in 108
unique parameter combinations. After conditioning the cell, the combination of 108
parameters was repeated twice in a row, to further analyze the reproducibility and
stability of cell operation given each combination of parameters. These steps, and
the core idea is presented in Figure

The data collected was preprocessed in multiple steps. First, we filtered only for
steady-state conditions, where measurements were only considered valid if parame-
ters such as cell temperature remained stable (e.g., within a +2°C interval). Outlier

12



detection was also performed using Z-scores on the five target output variables (cell
voltage, CO, CO,, H, concentrations, and cathode gas flow rate), excluding data
points with a Z-score greater than 3. These filters were designed so that they are per-
missive enough to include specially behaving but otherwise relevant data but strict
enough to exclude data that come from e.g., sensory errors.

=

COLLECTION —~ =
EXPERIMENTAL |:|' >

:gg DATA :> ( ) DATASET

DATA FILTERING

® o
e o
Com— 0 ® ® o> )
(iemssis) —>® © © ©>(Com)
e oo oo | oo MODEL
—eo ® (b
e e 8 8 Ve S =28 DEVELOPMENT
conductivity o O flow rate
e O

EFFECT OF
OPERATIONAL

PARAMETERS

Figure 3.1: The workflow for finding the optimal values for the operation of the CO,
electrolyzer cell.

A fully connected was chosen as the predictive model after comparing its
performance against other[ML]algorithms such as Random Forest and XGBoost, which
did not generalize well to new cell assemblies. The architecture consists of:

* An input layer with 5 neurons,
* three hidden layers, 132 neurons each,
. activation functions between each hidden layer, and

* an output layer of 5 neurons.

The model was trained using the AdamW optimizer and [Mean Squared Error (MSE)|
as the loss function. The data was split to ensure that the test set contained param-
eter combinations completely unseen during training and validation, ensuring fair
evaluation.

After the training phase, the model was integrated with a genetic algorithm (Non-|
ldominated Sorting Genetic Algorithm II (NSGA-II)|) to explore an extended parameter
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space that could identify optimal operating conditions, even outside the training pa-
rameter space. The multi-objective optimization aimed to maximize the
ciency of CO formation (F'E(CO))|and|Single Pass Conversion (SPC)|while minimizing
cell voltage. This process generated a set of promising new parameter combinations,
referred to as the ”external test set”, which were used to validate the model’s pre-
dictive prowess on a new but otherwise identical cell assembly. The model
demonstrated excellent performance on the test set. The predicted values for volt-
age, gas concentrations, and flow rates closely matched the measured values, with R?
scores that typically exceed a value of 0.98. This, along with other metrics, highlights
the achieved performance of the model. When evaluated on the external test set, the
performance of the model showed some degradation due to cell-to-cell variability, a
known challenge in the field of Although the error increased, the model still
provided reasonably accurate predictions, especially for CO concentration and output
flow rate. In particular, key performance indicators such as FE(CO) and SPC were
predicted with less than 5 % error (MAPE), indicating the potential of the model
for cross-cell applicability. The uncertainty analysis also revealed useful information.
The model’s predictive uncertainty was generally low and stable for the test set, al-
though slightly higher than the physical measurement uncertainty. This suggests that
the model capably learned the system’s behavior, but could benefit from a more di-
verse training dataset. For the external set, uncertainty increased, particularly when
multiple operating parameters were pushed far beyond the original training range,
highlighting the model’s generalization limits.

The thesis also discusses the finding’s interpretability from an electrochemical
point of view. For this reason, a |SHapley Additive exPlanations (SHAP)|based sensi-
tivity analysis was performed to understand feature importance. The analysis high-
lighted that the cell voltage is mostly affected by the applied current. The concentra-
tion of gaseous elements depends mostly on the flow rate and is highly affected by
the current. This is caused by both the different dilution changes and the selectivity
changes at different flow rates together. The concentration of H, in the gas stream
increases with the cell temperature, most probably due to the greater amount of wa-
ter that crosses the membrane from the anode to the cathode, hence promoting the
formation of H, . Lastly, the output flow rate is mostly affected by the inlet flow rate,
with a positive correlation, while also negatively affected by the set current. The lat-
ter is caused by the loss of carbon dioxide due to its reaction with electrochemically
generated hydroxide ions, and the transport of the formed carbonate ions to the an-
ode, described by CO,+2e~ + H,O — CO+20H~ and CO,+20H~ — CO3™ + H,0,
respectively. Overall, the [SHAP| analysis provided clear and intuitive insights into
some of the input features’ influence on model predictions. The strong effects of cur-
rent and cell temperature reflect their effect in driving the electrochemical processes,
which matches well with our current understanding. The grouped values showed cor-
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relation between some of the input features, namely [EC| and Cathode Temp, which
is validated by our previous findings when analyzing for possible input correlations.
These values in turn play a pivotial role in determining the cell voltage. These find-
ings demonstrate that is not only effective for model interpretation but also
valuable for exploring how key parameters shape system behavior.

In the end, this thesis showcases a powerful framework for accelerating the op-
timization of separated CO, electrolyzer cells by integrating automated exper-
imentation with [ML] modeling. In general, the developed model emerged as
the best, capable of accurately predicting cell performance while also generalizing
well in different operating conditions and cells. However, in the letter case, some
performance loss is observed due to variation from cell to cell, which is a known
problem in the field of The Al-guided approach presented here is a signifi-
cant step toward the industrialization of technology; by allowing accelerated
experimentation of yet unexplored parameter spaces, these methods offer a realis-
tic and efficient path to achieve stable and long-term operation of CO, electrolyzer
cells. In the future, [Machine Learningl methods can even pave the way to long-term
operations that take into account even cell aging and are capable of reacting to these
factors by continuously monitoring and controlling the parameters of such cells, pos-
sibly extending their lifespan, and keeping optimal operation even in these changing
conditions.

3.1 Contributions

In the third thesis group, the contributions are related to the implementation of an
Al-guided framework for optimizing the electrochemical reduction of|Anion Exchange|
IMembrane (AEM)|separated CO, electrolyzer cells. The design, implementation and
execution of these experiments are entirely the work of the author, also focusing on
parameter setting optimization, and the qualitative and quantitative assessment of
model performance across different cell assemblies. He also conducted experiments
on model sensitivity analysis through the use of Shapley-values, to enhance the ex-
plainability of model predictions in the context of real-world systems.
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Summary

This dissertation stands to show the growing relevance of Machine Learning tech-
niques through different scientific fields. In the first two thesis points it is shown
that there is a growing number of innovations and breakthroughs achieved via
tools in [Software Engineering (SE)|, while the third thesis shifts its attention to other
scientific fields, such as the reduction of harmful greenhouse gases such as CO,. All
thesis points dive deep into the ML techniques necessary for driving the field forward
in hopes of achieving even better results, or as a simple contribution to nudge other
researchers in other promising directions.

The first thesis point takes the course of repairing JavaScript programs using dif-
ferent toolsets, such as Genetic Algorithms (GAs), and in its core genetic mutation
operators, and more recent techniques such as [Large Language Models (LLMs), cur-
rently in the form of GPT-2. It shows that JavaScript can benefit from more thorough
research focused on the specifics and intricacies of the programming language. With
our novel toolkit, called GenProgJS, we achieve comparable results achieved by pre-
vious tools, filling the gap of JavaScript repair along the process. The thesis examines
how different mutation operators play a role in repairing JS programs and shows the
benefit of using operators considered to be JS-specific. We also give a perspective of
how these results compare in the world of [LLMs, more specifically, we compare the
results from GenProgJS to results of repair candidates produced via GPT-2. We show
that in real-world applications can even outperform tools like GPT-2 in program
repair tasks, signifying the relevance of the tool as a baseline for JavaScript [APRL
To further support the quality of the patches produced and to discuss possible patch
validation techniques, we examined the patch candidates for the ESLint project and
performed an analysis of patch similarity. We ranked each generated patch against
the original program and showed that the closer the patch is to the original program,
the more likely it may be that it is correct, showing that this could even be used as a
useful metric to extend the arsenal of patch correctness assessment.

The second thesis shifts the focus on code representation and code extraction.
This thesis is in contrast with the first in a sense that the emphasis here is not solely
on architectural designs and toolkit comparison. It examines whether existing tech-
niques could benefit from more educated choices on code representation in the field
of [Automated Program Repair, We show that not all models benefit from the same
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representations and also point out that the dataset or chosen language could also
play a crucial role on how one chooses to represent source code. One other aspect
of the thesis is the data, and its mining procedure as well. It offers analysis tools and
extraction techniques that would allow other great miner tools to be implemented as
a plugin. The software could then be easily used in a programming language agnostic
way to extract code segments from any source code necessary. To give an example,
these works also introduced a publicly available dataset on Zenodo.

The third thesis, although may differ in theme, also uses ML techniques in other
scientific domains. That is, the focus is now on the reduction of CO, emission,
through separated electrolyzer cells. While conducting real-life experiments
in the hopes of achieving optimal cell performance is costly and time-consuming, ML
techniques can help mitigate these issues. Via learning on data collected from the
electrolyzer cell’s test station, this work basically makes a digital copy of the real
system, mocking its behavior, enabling rapid tests and optimizations on said cells.
Producing results in this way is not only less time consuming, but the cost of cell as-
semblies and operation costs could also be cut. This work experiments with multiple
models and techniques to achieve the best possible cell mocking behavior and uses
modern optimization techniques to achieve high-quality results on the real-life cell
assembly.

Table 3.1: Publications supporting the thesis points.

Publications
[2] [6] [5] [3] [4] [1]
I. v v v
I1. v v v
I1I. v

Roman numbers in the first column represent the number of the thesis point the different
publications belong to, the other columns (separated under Publications column) show
which publication supports a specific thesis point.

Publications included in the dissertation

[1] Angelika A. Samu, Daniel Horvath, Balazs Endrodi, Laszl6 Vidacs, and Csaba
Jandky. "Neural Algorithm Aided Operation of C'O, Electrolyzers.” In ACS En-
ergy Letters. 2025. — D1 (Impact Score: 17.51)

[2] Viktor Csuvik, Ddniel Horvath, Mark Lajko, and Laszlé Vidacs. ”GenProgJS:
a Baseline System for Test-based Automated Repair of JavaScript Programs.”
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[3]

[4]

[5]

[6]

IEEE Transactions on Software Engineering 01 (2024): 1-19. — Q1 (Impact
Score: 6.78)

Déniel Horvath, and Laszlé Viddcs. ”Yet another miner utility unveiling a
dataset: Codegrain.” In International Conference on Data Technologies and
Applications. 2024.

Daniel Horvath, Viktor Csuvik, Tibor Gyimoéthy, and Laszlé Vidacs. ”An exten-
sive study on model architecture and program representation in the domain
of learning-based automated program repair.” In 2023 IEEE/ACM International
Workshop on Automated Program Repair (APR), pp. 31-38. IEEE, 2023.

Mark Lajko, Daniel Horvath, Viktor Csuvik, and Laszlé Vidacs. “Fine-tuning gpt-
2 to patch programs, is it worth it?.” In International Conference on Computa-
tional Science and Its Applications, pp. 79-91. Cham: Springer International
Publishing, 2022.

Viktor Csuvik, Daniel Horvath, Mark Lajko, and Laszl6 Vidacs. “Exploring plau-
sible patches using source code embeddings in javascript.” In 2021 IEEE/ACM
International Workshop on Automated Program Repair (APR), pp. 11-18. IEEE,
2021.

Publications not included in the dissertation

[1]

[2]

[3]

Viktor Csuvik, Daniel Horvath, and Laszl6 Vidacs. “Feature extraction, learning
and selection in support of patch correctness assessment.” In Proceedings of
the 19th International Conference on Software Technologies-ICSOFT, vol. 124.
2024.

Andras Kicsi, Péter Santa, Daniel Horvath, Norbert K6hegyi, Viktor Szvoreny,
Veronika Vincze, Eszter F6z6, and Ldszlé Viddcs. ”"Computer-Aided Forensic
Authorship Identification in Criminology.” In International Conference on Com-
putational Science and Its Applications, pp. 576-592. Cham: Springer Interna-
tional Publishing, 2022.

Viktor Csuvik, Daniel Horvath, Ferenc Horvath, and Laszl6 Vidacs. "Utilizing
source code embeddings to identify correct patches.” In 2020 IEEE 2nd Inter-
national Workshop on Intelligent Bug Fixing (IBF), pp. 18-25. IEEE, 2020.
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Osszefoglalas

Ez a disszertacié azt kivanja bemutatni, hogy a gépi tanulds (Machine Learning, ML)
technikdi egyre inkdbb nagyobb jelent6séggel birnak a tudomany szdmos teriiletén.
Az els6 két tétel a mesterséges intelligencia (MI) eszkozeinek szoftverfejlesztésben
(Software Engineering, SE) elért eredményeit targyalja, mig a harmadik tétel egyéb
tudomdanyos teriiletekre koncentrdl. Példaul olyan karos tiveghdzhatdsu gazok,
mint a CO, kibocsatasanak csokkentésére. A tételek mélyen elemzik azokat az
ML-technolégidkat, amelyek az adott szakteriilet elérehaladdsat szolgaljak, akar az
eredmények tovabbi javitdsanak reményében.

Az els6 tétel JavaScript programok javitdsaval foglalkozik kiilonboz6
eszkozkészletek segitségével. Ilyen példaul a genetikus algoritmusok (Genetic
Algorithms, GAs) és azok alapjat képez6 genetikus mutaciés operatorok, valamint
Ujabb modszerek, példaul nagyméreti nyelvi modellek (Large Language Models,
LLMs), jelen esetben a GPT-2 formdjdban. A tétel rdmutat, hogy a JavaScript nyelv
sajatossagaira O0sszpontositdé kutatdsok komoly elényoket rejthetnek. Az altalunk
kidolgozott 1j eszkozkészlettel, a GenProgJS-sel, olyan eredményeket értiink el,
amelyek 0sszevetheték a kordbbi eszkozok teljesitményével, és ezzel hozzajarulunk a
JavaScript program javitas teriiletének fejlodéséhez. A dolgozat megvizsgdlja, hogy
a kiilénb6zé mutdcids operatorok milyen szerepet jatszanak a JavaScript programok
javitasaban, és bemutatja, hogy a JavaScript-re szabott operatorok alkalmazasa mi-
lyen elényoket hordoz. Emellett 6sszehasonlitjuk az igy elért eredményeket a GPT-2
altal generalt javitasi javaslatokkal. A vizsgalatok alapjan kimutathatd, hogy a valds
kornyezetben végzett alkalmazdsok soran a GA-alapu megkozelitések akar jobban
is teljesithetnek, mint a GPT-2, ami aldtdmasztja a GenProgJS eszkoz relevancidjat,
mint a JavaScript-APR egyik kiinduldpontjat. A javitdsok mindségének tovabbi
alatamasztasa és a validacios mddszerek vizsgalata érdekében a ESLint projekthez
generalt javitdsi javaslatokat is elemeztiik, kiilonos tekintettel a hasonlésagukra az
eredeti programhoz. Az eredmények azt mutatjak, hogy minél kozelebb all egy
patch az eredeti kédhoz, annadl valdszin(ibb, hogy helyes. Ez a megfigyelés akar 4j
mérészamként is szolgalhat a javitasok helyességének értékelésében.

A madsodik tétel a kdd reprezentdcidjara és kinyerésére helyezi a hangsulyt.
Ez eltér az els6 tételt6l abban az értelemben, hogy itt nem kizdrdlag az eszkozar-
chitekturdk és teljesitménybeli kiilonbségek allnak a kozéppontban. A cél annak
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vizsgdlata, hogy a meglévé6 moddszerek miként profitdlhatnak a forrdskéd rep-
rezentacidjanak tudatosabb megvalasztasabél az automatizdlt programjavitas
(Automated Program Repair, APR) teriiletén. Bemutatjuk, hogy nem minden
modell részesiil elényben ugyanabbdl a reprezentacidébol, és azt is kiemeljiik,
hogy a valasztott programnyelv és adathalmaz szintén kulcsfontossagu tényezok
lehetnek ebben a dontésben. A tétel egy mdsik hangsulyos eleme az ada-
tok feldolgozdsa és banyaszata. Elemzd eszkozoket és kinyerési technikakat
kindlunk, amelyek segitségével bovithet6 és testreszabhaté banyaszmodulok
készithet6k bévitményként. A fejlesztett szoftver nyelvfiiggetlen mdédon is képes
kédrészleteket kinyerni, igy barmilyen forraskdd feldolgozasara alkalmas lehet.
Ennek szemléltetéseként kutatdsunk sordn egy nyilvanosan elérhet6 adathalmazt is
kozzétettiink.

A harmadik tétel, bar tematikdjdban eltéré, szintén ML-technoldgidkra
tamaszkodik, csak épp mas tudomanyos teriileten. A figyelem itt a CO,-kibocsatas
csOkkentésére irdnyul, mégpedig anion cserél6 membrdannal (Anion Exchange
Membrane, AEM) elvalasztott elektrolizalé celldk révén. Mivel a valosagos kisérletek
végrehajtasa koltséges és idGigényes, az ML-technolégidk segithetnek ezeknek a
kihivasoknak a mérséklésében. Az elektrolizald cella tesztallomasan gytijtott adatok
felhasznalasaval a kutatas egy digitalis masolatot készit a valddi rendszerrél, annak
miikodését szimuldlva, igy lehet6vé téve gyors teszteket és cella optimalizalast. Az
ilyen médon sziilet6 eredmények nemcsak kevésbé idéiganyesek, de az tizemeltetési
koltségek is jelent6sen csokkenthetOk (celldk Osszedllitdsa, tesztdllomds iizemel-
tetése). A munka tobbféle modellt és technikat is kiprébal a legpontosabb szimulacié
elérése érdekében, és modern optimalizaciés modszerekkel igyekszik megtaladlni a
cella mikodtetéséhez sziikséges lehetd legoptimdlisabb paramétereket.
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