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CHAPTER 1. INTRODUCTION

1.1 Overall context of process optimization using Artificial Intelligence (AI)

Process optimization is a fundamental area in engineering that focuses on improving the
performance, efficiency, and effectiveness of existing processes. Processes are understood as sequences
of interconnected activities or operations performed to achieve a specific goal or desired outcome.

Defining process optimization involves identifying and applying the best possible solutions to
maximize benefits and minimize the costs, time, and resources involved in carrying out a process. The
ultimate goal of process optimization is to achieve superior performance in areas such as productivity,
quality, delivery time, efficient resource utilization, and more.

Process optimization involves various preliminary activities, including analysis, evaluation, and
modeling. It is a continuous and iterative process that includes ongoing monitoring and measurement of
performance, identifying deficiencies, and implementing adjustments to achieve better results.

Within the context of process optimization, multiple aspects are considered, such as:

Efficiency: Optimization focuses on reducing the resources required to complete a process,
including time, human effort, financial costs, or materials used. The objective is to improve the overall
efficiency of the process, achieving the same or even better results with fewer resources.

Quality: Process optimization also involves improving the quality of the products or services
obtained from the process. Quality criteria like accuracy, reliability, and compliance, are taken into
consideration.

Workflow: Process optimization entails evaluating and adjusting workflows, which refers to how
the activities or stages of the process are organized and interconnected. The goal is to eliminate
inefficiencies and blockages to ensure a smooth flow.

Error and downtime reduction: Process optimization aims to minimize human errors and reduce
downtime or delays in the process. Solutions are sought to prevent or correct errors and reduce idle times,
ensuring an efficient and uninterrupted process.

Flexibility and adaptability: Process optimization also involves evaluating the capacity of
processes to adapt and be flexible. It seeks to develop solutions that allow for rapid adjustment and
adaptation to changes in demand, technology, or environmental conditions.
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Innovation and growth: Process optimization can contribute to stimulating innovation and
organizational growth. Identifying and implementing new solutions opens up new opportunities and
increases competitiveness in the market.

Within the context of process optimization using Al solutions, it is important to consider the current
challenges and trends due to the current limitations of Al implementations, including high costs, the need

for specialized expertise, and ethical and privacy concemns.

1.2 Relevance and purpose of the thesis

The purpose of this thesis is to investigate, develop, and evaluate artificial intelligence methods
and techniques to enhance existing processes in various domains. The primary objective of this thesis is
to identify specific problems within certain contexts or industries and develop Al-based solutions to

optimize those processes.

Process optimization has a significant impact in a wide range of fields and industries, bringing
about substantial improvements in efficiency, productivity, quality, and overall performance. Here are
some examples of the impact of process optimization in various domains:

-Manufacturing industry: process optimization in the manufacturing industry can lead to increased
productivity, reduced production times, and cost minimization. By identifying and eliminating
inefficiencies, such as waiting times, defects, or downtime, production processes can be
optimized for more efficient production and better resource utilization.

-Logistics and supply chain: optimizing processes in logistics and the supply chain can reduce
transport times, minimize storage costs, and enhance flexibility in managing deliveries and
supplies. Using advanced technologies like GPS tracking, data analysis, and optimal routing
algorithms, logistic processes can be optimized in real time, reducing delays and maximizing
delivery efficiency.

-Financial sector: process optimization in the financial sector can reduce the time required for

transaction processing, improve risk management, and increase accuracy and transparency in

financial reporting. The use of automation technologies such as Robotic Process Automation




(RPA) and advanced data analytics can simplify and expedite banking, insurance, or investment

processes.

-Healthcare: process optimization in the healthcare sector can reduce patient waiting times,
improve the management of medical information, and enhance the accuracy of diagnoses and
treatments. By using artificial intelligence technologies like advanced image analysis, virtual
assistants, or appointment scheduling algorithms, medical processes can be optimized to ensure
more efficient and personalized healthcare.

-Marketing and sales: process optimization in marketing and sales can improve the targeting and
personalization of campaigns, increase efficiency in lead generation, and enhance conversion
rates. Using machine learning and data analysis, more efficient marketing strategies based on
customer behavior and preferences can be identified and implemented, leading to better results

and increased sales.

1.3 Aims and research questions

The objectives of the thesis are as follows:

1) Identification of optimization problems: one of the primary objectives is to identify and define
specific problems within the study's domain or context that can benefit from optimization using
artificial intelligence.

2) Development, implementation, and description of Al solutions: another important objective is
the development of artificial intelligence solutions to address the identified problems. This
involves the appropriate selection and application of algorithms, the development of machine
learning models, or other relevant Al techniques.

3) Performance evaluation: an essential objective is the evaluation of the performance of the
developed Al solutions. This may include measuring performance based on specific metrics
such as efficiency, accuracy, speed, scalability, or any other metrics relevant to the domain of
the application.

4) Comparison with existing approaches: to validate the effectiveness of Al solutions, another
objective is to compare them with existing or traditional approaches to demonstrate the benefits

of Al technologies in process optimization.
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5) Contributions to the field of artificial intelligence and process optimization.

6) Dissemination of research results through publication in specialized journals or presentation at

relevant academic conferences.

In conclusion, the thesis aims to provide practical recommendations for implementing Al solutions
in real and diverse contexts. These recommendations should assist organizations or industries in reaping
the benefits of process optimization with the help of artificial intelligence.

Overall, the thesis objectives are to address specific problems, make significant contributions to

the respective field, and offer practical solutions for process improvement in various contexts.

CHAPTER 2. CASE STUDIES

2.1 Presenting specific examples of Al implementations for process optimization in various

fields
2.1.1 Solutions for medical applications

2.1.1.1 Image detection for the identification of medical pathologies

In the context of national mammographic screening programs, thousands of mammographic
examinations need to be processed. Each of these consists of two standard views of each breast, and each
mammogram must be visually examined by an experienced radiologist to identify any anomalies. The
ability to detect an anomaly in mammographic texture is crucial for the success of mammographic
screening programs, and in this study, a large number of mammograms were digitized using a highly
precise scanner. Textural features were extracted from the mammograms and used as input data for a
self-organizing neural network SONNET [1]. The study discusses how SONNET was used to create a
taxonomic organization of the mammogram archive in an unsupervised manner. This process depends
on specific choices of SONNET parameters, in numerical experiments using the craniocaudal view, and
typically results in about ten categories (e.g., 39 classes of mammograms) by analyzing features from
over 1000 mammographic images. The mammographic taxonomy captured subtle distinctions to

differentiate mammograms, and it is suggested that it can be exploited to aid in the detection of

mammographic anomalies, such as serving as a preprocessing step to simplify the task for a
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computational detection system or to order mammographic examinations by a taxonomic class before
screening to encourage more successful visual examination. The resulting taxonomy can contribute to
the training of screening radiologists and eventually may assist in resolving legal cases related to
mammographic screening examinations, as the taxonomy can reveal the frequency of mammographic

patterns in a population.

2.1.1.2 Medical data collection solutions through IoT Devices as a preliminary stage for data
preprocessing in Al Applications for the medical field

2.1.1.2.1 Design, Manufacturing, and Testing of an IoT Device for Cardiac Health Monitoring

The expansion of the Internet of Things (IoT) concept, along with wireless sensor networks, has
given rise to a diverse range of IoT applications [39] [41]. This section introduced and described the
concept, the operating theory, and the practical results of a Telecare-ECG (Electrocardiogram)
monitoring device designed for the remote monitoring of cardiology patients outside of the hospital. ECG
monitoring using the Telecare-ECG Monitor system [2,3] provides a better quality of life for patients
and greater opportunities for real-time monitoring and alerting of sporadic cardiac events by recording
instant cardiac arrhythmias occurring during specific activities or in a patient's daily environment.
Additionally, this device has a reduced impact on hospital resources compared to other devices. In line
with the novelty and contribution of this article in the field of ECG investigations, the results obtained
in the analysis, testing, and validation of the Telecare-ECG Monitor system pertain to optimizing the
functionality of the mobile ECG device under conditions as close to real-world scenarios as possible
[4,5]. The architecture of the Telecare-ECG Monitor system is presented in Figure 3, illustrating the data
acquisition and transmission modules corresponding to ECG measurements, the IoT cloud, and the user

interface.
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Fig. 3. The Telecare-ECG Monitor architecture designed for cardiology patients outside the hospital

2.1.1.3 Epidemiological modeling solutions and integration with GIS systems

Integrated SIR-Type Epidemiological Modeling Platform for COVID-19

Amid the COVID-19 pandemic, designing and implementing an epidemiological modeling
platform that integrates through APIs with the beneficiary entities and data providers was a priority for
the healthcare system. This section introduces an Epidemiological Platform (PLIS), replicable and

adaptable for epidemic management, based on an integrated extended SIR model [6-8].

2.1.1.4 Analysis techniques in cardiology that use sentiment analysis solutions

Sentiment Analysis (SA) is a relatively new branch of Natural Language Processing (NLP) that
measures the emotions or attitudes behind written text. The initial applications of SA in the healthcare
domain involved detecting emotional polarities related to illness on social media. Now, it is possible to
extract more complex attitudes (classifying attitudes from 1 to 5, assigning evaluation values, applying
multiple text classifiers) or sentiments through NLP techniques, with clear benefits in cardiology. This
is because emotions have been shown to be true risk factors for the development of cardiovascular
diseases (CVD). Our research aimed to summarize the current directions of SA in cardiology. The
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literature review demonstrated the clinical potential of SA in CVD. However, many other clinical
utilities, such as assessing the emotional consequences of the disease, the patient-doctor relationship, and
the intuitions of doctors in CVD, have not yet been explored. These aspects represent future research
directions, alongside the proposal of detailed regulations, the development of comprehensive definitions
of emotional polarity, and investments in research for the development of robust SA algorithms [9].

Several artificial intelligence (AI) / machine learning (ML) technologies and other computational
techniques have been proposed and have demonstrated their benefits in improving diagnostic accuracy
and treatment efficacy [10-14].

The increasing use of social platforms may be the foundation for developing SA-based models
applied to various fields in cardiology. A study on drug safety showed that adding SA features improves
the performance of state-of-the-art methods to identify adverse drug reactions (ADR). These models used
a corpus of posts from Twitter and other online forums. SA features significantly increased the F-measure
of adverse reaction detection (for 81 drugs, including cardiovascular medication) from 72.14% to 73.22%
in the Twitter corpus of posts. The improvement of ADR detection by SA became possible due to the
rapidly growing popularity of social media and health forums [15-17].

2.1.1.6 Classification solutions for thyroid pathology identification

According to the Indian Health Line report, 12% of the population suffers from thyroid gland
dysfunction. The main challenge in this condition is that the presence of hypothyroidism may not cause
significant symptoms in its early stages. However, delayed treatment of this disease can lead to several
other health issues, such as fertility problems and obesity. Therefore, early treatment is essential for the
patient's survival.

The proposed technology could be used to predict hypothyroidism and its severity in its early
stages. Although there are several classification and regression algorithms available for predicting
hypothyroidism using clinical information, there is a knowledge gap regarding whether the predicted
outcomes can achieve higher accuracy or not. Therefore, the objective of this research was to predict the
presence of hypothyroidism with higher accuracy by optimizing the list of estimators in the pycaret
classification model [18] [36].



2.1.2 Solutions for optimizing railway transport

Working in a dynamic and competitive global environment, railway companies realized many
years ago that better management of their logistics operations would improve their strategic positions in
the market. The financial component of daily operations is crucial today, and many companies have
concluded that maximizing profit depends on integrating logistics activities with better revenue
management. This section presents the system we designed [19] [44] and it consists of several
components: Ferodata BOX, Ferodata MOBILE, Ferodata SYS, used to transmit information about the
status and operation of an electric or diesel train to a web server. Information about the train includes
data about locomotives, wagons, the train driver, route, direction, fuel or electricity consumption, speed,
etc. In addition to these components, there is the optimization component, Ferodata Al. All this
information is processed in real time and can be viewed in the web server application. Furthermore, the
web server application can manage and report details coming from the wagons, such as valuable
information about bogie wear, identifying wagons attached to a trainset, and identifying situations where
a wagon or group of wagons detaches from the trainset configuration. All information about the train's

status is available online, and at any time, the person responsible for management can use this data in
their work [20-24].

2.1.3 Optimization solutions for cloud and networking applications

2.1.3.1 Cloud computing networks improved by modern topological invariances

Cloud computing networks used in IoT and other network architecture themes can be investigated
and improved through chemoinformatics, which represents a combination of chemistry, informatics, and
mathematics. Chemoinformatics involves graph theory and its tools. Any number that can be uniquely
calculated by a graph is called a graph invariant. In graph theory, networks are converted into graphs,
with workstations or routers or nodes as vertices and paths or connections as edges. Many topological
indices have been developed for determining the physical properties of networks involved in cloud
computing. We have calculated recently determined topological invariants, K-Banhatti Sombor

invariants (KBSO), Dharwad invariants, quadratic-contraharmonic invariants (QCI), and their reduced
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forms with other forms of cloud computing networks. These are used to explore and improve the features
of these networks, such as scalability, efficiency, higher throughput, reduced latency, and the most
suitable topology. These features depend on the cloud topology, where different nodes, paths, and
"clouds" need to be connected to achieve the best features mentioned above. We dealt with only one
parameter, namely the topology of the cloud network. Improving the topology also optimizes the other
characteristics, which is the primary goal of our study. Our main goal was to develop formulas so that
we could verify the topology and performance of certain cloud networks without conducting experiments
and before developing them [25]. The calculated results are valuable and useful for understanding the
deep physical behavior of cloud networks. These results will also be beneficial for researchers in
understanding how these networks can be built and improved with different physical characteristics for

enhanced versions [37].

2.1.3.2 Challenges and Compatibility of Mobility Management Solutions for the Networks of
the Future

Wireless network devices can achieve the necessary level of Quality of Service (QoS) and
maintain connectivity even after disconnecting from an access point. This disconnection (mobility)
requires various mobility management (MM) mechanisms, which pose numerous challenges due to the
exponential growth of wireless devices and user requirements. The network needs to be heterogeneous
and dense to handle such a significant traffic escalation, the increasing number of devices, and various
user requirements. These factors will seriously stress MM solutions, ultimately making networks
infeasible in terms of reliability, adaptability, scalability, and energy consumption. Therefore, new
perspectives on MM mechanisms for 5G and beyond networks are desired. This section introduces an
innovative discussion on the functional requirements of MM mechanisms for advanced wireless
networks [26]. We provide comprehensive arguments on whether the prevalent mechanisms considered
by standard organizations manage to meet the outlined requirements. We complement this discussion
with innovative qualitative assessment. We evaluate each of the discussed mechanisms in terms of their
ability to meet the criteria of reliability, adaptability, scalability, and energy consumption for future MM
schemes. Furthermore, we demonstrate the findings and the identified gaps/challenges for the planning

and implementation of 5G MM frameworks. We then present the capabilities and potential MM solutions
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architecture for 6G based on defined parameters [27,28].

2.1.4 Optimization solutions for marketing applications

The targeted marketing strategy is an important topic that has received significant attention both
from industry and academia. Market segmentation is a widely used approach in investigating the
heterogeneity of customer buying behavior and profitability. It is important to note that conventional
market segmentation models in the retail industry are predominantly descriptive methods, lack sufficient
market information, and often fail to identify sufficiently small segments. This research leverages the
dynamics involved in the Hadoop distributed file system for its capability to process large datasets.

Based on previous studies on market segmentation in the retail sector, 'Recency, Frequency &
Monetary' (RFM) has been extensively used. This model can categorize customers into groups, allowing
retailers to decide how to efficiently utilize their limited resources to provide effective services to
customers through their categorization. However, RFM also has its limitations [29], because it only
focuses on the best scores of customers, providing less meaningful scores for recency, frequency, and
monetary aspects for the majority of consumers [30-33]. Our research proposes a more advanced and
user-friendly market segmentation modeling method than the conventional RFM method, which
integrates Customer Lifetime Value (CLTV) and the newly proposed RFM variations (PQ) (T) into a
closed-loop model, representing different variations of customer purchasing behavior.

Three different market segmentation experiments were conducted [34] using the 'best-fit'
regression, namely the Expectation-Maximization (EM) algorithm and K-Means++ clustering. These
results are twofold: i) Insights into the purchasing behavior of customers revealed for each Customer
Lifetime Value (CLTV) segment; ii) the clustering algorithm's performance in accurately producing
market segments. The analysis indicated that the average customer lifetime was only two years, and the
churn rate was 52%. Therefore, a marketing strategy based on these findings was developed and
implemented in the department store's sales. Marketing records showed that the sales rate increased from
5% to 9% [42],[43].
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2.1.6 Low-code solutions as data collection and preprocessing platforms

This section presents an integrated information system model designed for use by public entities
in Romania. This system is part of a research project that promotes the partnership between the public
and private sectors in Romania. Therefore, the primary objective of the presented research was to develop
an Integrated Information System for Activity Management (IISMA) for managing the information of
public institutions through the use of resources and activities, functional software modules, and open-
source applications. The proposed solution ensures the simplification of the information flow, improves
resource management, and inter-institutional interoperability, providing a versatile, secure, and resilient
solution that can be customized according to the specific requirements of public entities [35]. ISMA is
based on open-source solutions and specialized functional software modules, aiming to reduce the
complexity of conceptual separation. ISMA ensures the functional decoupling of modules (while
maintaining interoperability), standardization of functional modules, the implementation of extensibility

features, and component reusability, as well as data protection for processed, used, and stored data.

CHAPTER 3. PROPOSED SOLUTIONS AND INNOVATIONS

3.1 Identifying the current challenges and limitations of Al methods for process optimization

Identifying the current challenges and limitations of artificial intelligence methods for process
optimization is essential to fully understand the current state of technology and to develop more efficient
solutions in the future. Here are some of the current challenges and limitations:

- Limited data and quality: most Al methods for process optimization rely on training datasets.
Having access to high-quality and sufficient data is crucial. However, data collection and cleaning
can be costly and challenging. Data may also contain errors or biases that can influence algorithm
outcomes.

- Complexity of optimization problems: many real-world processes are highly complex, with a
large number of variables and constraints. Developing Al algorithms that can handle this

complexity and provide optimized solutions in a reasonable time can be a significant challenge.
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Interpretability and transparency: understanding and explaining the decisions made by Al
algorithms is paramount. Many advanced optimization methods, such as deep neural networks,
are often considered "black boxes" that are difficult to interpret. This can raise questions about
trust in algorithm results, especially in fields where interpretability is critical, such as medicine
or finance.

Computational costs: some Al methods for process optimization may require significant
computational resources, such as specialized hardware or server clusters. This can make the
implementation of these solutions costly and inaccessible for smaller organizations with limited
budgets.

Generalization and scalability: the ability to generalize solutions to similar problems or scale
algorithms to handle larger and more complex datasets is also essential. An optimization
algorithm that works well in one specific context may not be as efficient in another domain or for
a different problem.

Ethics and algorithm bias: developing Al algorithms that make ethical choices and are free from
bias is a growing concern. Using biased data or datasets that perpetuate discrimination can have
serious consequences for society.

Data security and privacy: to optimize processes, Al algorithms may require access to sensitive
data. Protecting this data and ensuring that algorithms are not vulnerable to cyberattacks or
manipulations is another significant challenge.

Interaction with human factors: in many process optimization scenarios, interaction with human
factors is paramount. Al algorithms need to consider human preferences and decisions in the
optimization process. This can be challenging, as human behavior can be difficult to model and
can vary based on context and individuals.

Adaptation to changes: real-world processes are dynamic and change over time. Al algorithms
for process optimization must be able to adapt to these changes and update solutions to remain
relevant and efficient. A lack of adaptability can quickly render algorithms obsolete.

Learning with a limited budget: in some fields, such as medicine or space exploration, data
collection or experimentation can be costly and budget-constrained. Developing Al methods that

can achieve meaningful results with limited data or budgets is a significant challenge.



- Algorithm selection and configuration: choosing the right Al algorithms and configuring them
correctly for a specific problem can be a daunting task. Adjusting algorithm parameters to achieve
the best performance may require expertise and considerable time.

- Integration with existing systems: implementing Al solutions for process optimization often
requires integration with an organization's existing systems and infrastructure. Ensuring
compatibility and interoperability can be challenging, especially with older technology systems.

- Responsibility and ethics: using Al in process optimization can raise complex questions of
responsibility and ethics. Who is accountable if algorithms make incorrect or discriminatory
decisions? How can it be ensured that algorithms are used ethically and in compliance with laws
and regulations?

- Education and training: as Al technology advances, there is a need for proper education and
training to use and manage these technologies efficiently and responsibly. Ensuring that
professionals have the necessary skills to work with Al algorithms is a challenge in itself.

Al methods for process optimization hold promise, but they come with several significant
challenges and limitations. However, ongoing research and technological developments may help

overcome these obstacles and lead to more advanced and efficient optimization solutions.

3.2 Proposing innovative solutions for enhancing the performance and applicability of these
methods
Improving the performance and applicability of artificial intelligence methods in process
optimization can be achieved through innovative solutions and new approaches:
- Fusion with emerging technologies:

o Blockchain: integrating blockchain technology to create trust systems for recording and
managing data in optimization processes.

o Internet of Things (IoT): using IoT devices to collect real-time data, allowing optimization
algorithms to make more precise decisions and respond quickly to environmental
changes.

- Closed-loop machine learning:
o Developing Al models that can continuously learn from real-time data to dynamically

optimize processes.
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- Multi-objective optimization:

o Developing Al algorithms capable of optimizing multiple objectives simultaneously,

which can be useful in complex situations with multiple optimization criteria.
- Interpretability and comprehensibility:

o Creating Al algorithms that can provide explanations for their decisions, increasing user

trust, and facilitating their adoption in critical industries.
- Transfer learning and meta-learning:

o Using transfer learning and meta-learning to enable Al models to adapt more rapidly to

new domains and efficiently optimize processes.
- Decision support systems:

o Developing Al systems that provide recommendations and suggestions to humans instead
of making decisions on their behalf, enhances the human experience and increases
confidence in Al technology.

- Al hardware optimization:

o Investing in specialized hardware development to accelerate Al model training and

inference, enabling faster data processing and real-time decision-making.
- Al cloud platforms and services:

o Utilizing Al cloud platforms and services that offer powerful tools and resources for the

rapid development and implementation of Al optimization solutions.
- Interdisciplinary collaboration:

o Encouraging collaboration among Al experts, engineers, mathematicians, and process

specialists to develop more comprehensive and applicable solutions.
- Security and ethics:

o Paying increased attention to data security and ethics in the development and

implementation of Al optimization systems to avoid risks and negative consequences.
Improving the performance and applicability of Al methods in process optimization requires a
holistic approach and adaptability to technological changes and the specific needs of each industry or

application domain.
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3.3 Justification of the advantages and potential impact of the proposed solutions

The innovative solutions mentioned above have significant potential to improve the performance

and applicability of artificial intelligence methods in process optimization. Here are arguments

supporting the advantages and impact of these solutions:

Efficiency and cost reduction:

o Innovative solutions can significantly increase process efficiency, resulting in substantial

cost savings for organizations.
Rapid response to changes
Accuracy and error reduction:

o Artificial intelligence can work with high precision at detailed levels. This helps eliminate

human errors and increases decision-making accuracy.
Scalability and flexibility:

o Al-based solutions can easily scale to meet growing demands or adapt to new
requirements. This flexibility allows organizations to grow without compromising quality
or efficiency.

[nnovation and competitiveness:

o Organizations adopting innovative Al solutions can gain significant competitive
advantages in the market. The ability to offer better and more efficient products or
services can attract more customers and partners.

Enhanced user experience:

o Al systems that provide explanations and recommendations can improve the user
experience. This can increase trust in technology and make people more willing to adopt
these solutions.

Real-time processing:

o Using IoT devices and Al-based optimization can enable real-time data processing, which

is essential in fields such as manufacturing, logistics, and healthcare.
Innovation in critical fields:
o Al solutions can be applied in critical fields like medicine, where they can assist in the

development of personalized treatments and rapid disease diagnosis.
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- Environmental impact:
o By optimizing processes and reducing resource consumption, Al solutions can contribute
to reducing organizations' carbon footprint and promoting sustainability.
- Safety and security:
o Integrating blockchain technology and security measures into Al solutions can help
protect data and prevent unauthorized access.
In conclusion, these innovative solutions have the potential to transform how organizations
operate and make decisions, with a significant impact on their performance and competitiveness in an
increasingly digitized world. With proper implementation and responsible management, their potential

1S enormous.

CHAPTER 4. CONCLUSIONS

4.1 Summary of the main results and conclusions of the thesis

This thesis conducts a rigorous analysis and evaluation of artificial intelligence methods in the
field of process optimization. The primary findings indicate that these methods significantly enhance
process efficiency across diverse industrial sectors. Economically, the adoption of artificial intelligence
techniques results in decreased operational costs and improved efficiency in resource utilization. This
efficiency notably contributes to increased profitability within organizations, a critical aspect in the
context of economic sustainability. The adaptability of artificial intelligence methods to variable
environments and complex issues is also highlighted. This adaptability makes them particularly suitable
for process optimization under fluctuating conditions, an essential quality in rapidly evolving industrial
landscapes.

Furthermore, the scalability of these methods is evident, confirming their wide applicability
across various domains, including manufacturing, logistics, healthcare, and energy sectors. A key finding
of this research is the heavy reliance of artificial intelligence methods on the quality and quantity of data

available for training. This dependence underscores the necessity for high-quality data inputs for
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effective process optimization. Additionally, the thesis emphasizes the need for enhanced interpretability

of Al models and the addressing of ethical issues related to automated decision-making.

In conclusion, the thesis underscores the substantial positive impact of artificial intelligence
methods on process optimization. It highlights that these methods, when responsibly applied with
consideration for data quality and ethical issues, can significantly improve organizational efficiency,
reduce costs, and increase competitiveness. The ongoing importance of research and development in this
field is thus underscored, positioning artificial intelligence as a pivotal element in future advancements

in process optimization.

4.2 Discussing the thesis's contribution to the field of Al-based process optimization

This thesis introduces a novel and innovative perspective on the application of artificial
intelligence for solving optimization problems across various industries and domains, thereby
contributing significantly to the advancement of this field and enhancing process performance and
efficiency. It advances the knowledge in the field by not only presenting and analyzing innovative Al
methods and their impactful results but also by paving the way for new research directions, potentially

inspiring other researchers to explore similar techniques.

In demonstrating the effectiveness of Al methods in process optimization, the thesis provides
compelling evidence and detailed case studies, thereby substantiating the efficacy of these methods and
potentially encouraging organizations and industries to adopt and invest in Al technologies. A key aspect
of this work is its focus on the practical applicability of Al, exploring real-world implementations in
various industries through the development of prototypes or experiments to demonstrate how Al methods

can be successfully integrated into production or business environments.

Furthermore, the thesis addresses specific and unresolved issues in the field of process
optimization by proposing new Al-based solutions or approaches, which could have a direct and
significant impact on industry practices and professional standards. Additionally, it advocates for the
adoption and use of Al methods by professionals in the field of process optimization, thereby highlighting

the practical benefits and improvements these technologies can bring to the industry.
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