


fuzzy extensions of optimization problems and their implementations". To achieve this goal, five
tasks have been set that correspond to the goal and are a good guideline for conducting the research.

The introduction presents the relevance of the problem and justifies the need for conducting
the research. Chapter 1 examines the basic concepts and principles related to data mining (Data
Mining, Data Science), processing of Big Data, as well as formal models for their representation and
analysis. An overview is given of the development of the theory of Generalized Nets, their capabilities
and advantages over classical Petri nets. Intuitionistic fuzzy sets with their extensions and indexed
matrices as a tool used to represent complex interdependencies between multiple parameters are
presented.

Chapter 2 is dedicated to applications of generalized nets and intuitionistic fuzzy evaluations
in the field of big data analysis and artificial intelligence, as the theoretical models from the first
chapter have been successfully used to solve real-world problems. A Generalized Net (GN) model of
a spatial cluster analysis algorithm based on density of noise applications and its applications on a
data set related to diabetes is presented. A GN model of the balanced iterative reduction and clustering
with hierarchies (BIRCH) method with intuitionistic fuzzy evaluations is considered. Applications of
intuitionistic fuzzy evaluations in the waste sorting process and possibilities for extracting knowledge
from data in garbage collection and recycling processes, assessing the frequency of user requests,
analyzing data on student academic achievements and analyzing data from State Maturity Exams in
the secondary education system in Bulgaria are considered. The support vector method is applied to
recognize scientific terms and determine keywords in a system for offering educational resources and
scientific articles.

In Chapter 3, implementations of models with intuitionistic fuzzy logic and algorithms for
intelligent data analysis (using Python, MATLAB and C#) are presented. Implementation of
algorithms is presented: for solving an intuitionistic fuzzy knapsack problem using indexed matrices
for intelligent data analysis; for solving a circular intuitionistic fuzzy knapsack problem; for solving
an elliptical intuitionistic fuzzy knapsack problem for decision-making based on economic portfolio
data analysis; clustering algorithms DBSCAN and BIRCH on medical data for diabetes and on
synthetic data. A classification model for determining belonging to a “scientific term” category using
the support vector machine (SVM) method is created and the method is applied to extract key
scientific terms from text. Implementation of software systems is presented: for analyzing the
academic achievements of students and the results of State Matriculation Exams in the secondary

education system of the Republic of Bulgaria.



The conclusion provides a brief summary of the problems raised and the contributions made in
the dissertation.

The dissertation explores the possibilities of modeling big data analysis processes through
generalized nets, using intuitionistic fuzzy sets and indexed matrices. By integrating these theoretical
approaches with applied algorithms for cluster analysis, classification and optimization, a framework

for intelligent data analysis under uncertainty is proposed.

2. Short CV and personal impressions of the candidate

Petar Rosenov Petrov is a Master of Science in Software Technologies since 2021 at Burgas
State University “Prof. Dr. Asen Zlatarov”. He completed his studies as a Bachelor of Science in
Software Technologies and Design in 2019 at Plovdiv University “Paisiy Hilendarski”. He has been
a part-time doctoral student since 2021 at the Department of Computer Systems and Technologies of
Burgas State University “Prof. Dr. Asen Zlatarov™.

He works as a teacher and deputy director of academic activities at PGEE "K. Fotinov", Burgas
and a part-time assistant in databases, information systems and computer security at the Department
of "Computer Systems and Technologies" at the University "Prof. Dr. Asen Zlatarov", at the Ministry
of Education and Science as a co-author of curricula and national examination programs, trainer at
Scalefocus Academy, etc..

He received the professional qualification "Teacher of Mathematics and Informatics" and
"Teacher of Vocational Training", V PKS, IV PKS and PPS "Artificial Intelligence in Schools" (IIT
PKS) at TU-Varna.

[ do not know the candidate personally. From the published materials and submitted documents,

my impressions of Petar Petrov are entirely positive.

3. Content analysis of the scientific and applied achievements of the candidate, contained in

the presented PhD thesis and the publications to it, included in the procedure

The contributions have a scientifically and scientifically applied character. I accept the main
results and contributions indicated by the Ph.D. student on page 133 of the dissertation, namely:

The scientific contributions are as follows:

® Development of an algorithm with intuitionistic fuzzy scores for data analysis and

recommendations for student academic achievements and development of an algorithm with



intuitionistic fuzzy scores for data analysis from State Matriculation Examinations in the secondary

education system in Bulgaria.

® Defining intuitionistic fuzzy estimates in the waste sorting process using a robotic arm and

for estimating the frequency of user requests.

® Development of algorithms for solving the knapsack problem based on circular and elliptic
intuitionistic fuzzy sets.

The scientific and applied contributions are as follows:

® A generalized net model is created to reflect the clustering process of big data using the
DBSCAN (Density-Based Spatial Clustering of Applications with Noise) algorithm. The basic
concept of DBSCAN is based on recognizing areas with high density of objects, which are considered
as clusters, and separating low density objects as noise or anomalies. Compared to other cluster
analysis algorithms, DBSCAN does not require the number of clusters to be determined at the
beginning. Another valuable quality of the algorithm is that it gives a better distribution of clusters
when the data is of odd shape.

® A generalized net model has been created, reflecting the clustering process using the BIRCH
method - one of the most effective for processing large data sets. BIRCH is specifically designed to
process large volumes of information, minimizing the need to store data in memory. Its main idea is
to build a compact summary of the data using a special hierarchical structure called a CF-tree
(Clustering Feature Tree), which allows for incremental and dynamic processing of inputs.

® Implementation of a support vector method with intuitionistic fuzzy estimates for recognizing
scientific terms and determining keywords in a system for offering educational resources and
scientific articles.

® A packet delivery optimization solution based on data analysis and application of the elliptic

intuitionistic fuzzy knapsack problem for decision making.

The research carried out in the dissertation requires in-depth knowledge and high practical
qualifications, which its author undoubtedly possesses. The doctoral student precisely and clearly

argues and presents the main theses in the separate chapters of the dissertation work and the

publications to the dissertation.

4. Approbation of the results

The results of the dissertation research are presented in 10 publications in peer-reviewed

journals, 8 of which have SJR. All publications are co-authored, and all are in English.









