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Abstract 

 

The habilitation thesis titled Implementation and Integration of Data Analysis Algorithms in Software 

Applications summarizes the scientific, academic and professional achievements from the period after 

obtaining the doctorate in the field of Cybernetics and Economic Statistics. The entire scientific research 

was carried out in the postdoctoral period and can be considered a continuation of the research topics 

which had begun during the doctoral period. 

The habilitation thesis is structured in five sections, including 9 chapters. All thesis sections have in 

common a research direction focused on the implementation and integration of data analysis algorithms 

in various fields of scientific activity. The five sections include scientific results obtained during the 

teaching and research activity before and after the completion of the doctoral internship. At the end of 

each chapter are included lists with bibliographic references in which are retrieved some of their own 

scientific achievements presented in the paper. 

Post-doctoral research activity was developed in a teamwork format, and it is in connection with the 

curricular disciplines I worked on, or have worked on as Associate Professor in the Department of 

Informatics and Economic Cybernetics, within The Bucharest University of Economic Studies. Most of 

the scientific research was carried out in the research projects I am involved in or I participated at. 

The developments in the IT have led to the transformation of data analysis into what is now known as 

data science. Data analysis requires deep knowledge of statistics and mathematics. The evolution from 

the classic data analysis to data science was gradual as the developments in computer science offered new 

possibilities for processing. First came the concept of data mining. Data mining is the process of 

extracting information (as patterns) from large data sets and presenting it in an intelligible structure for 

later use. Data exploration requires knowledge of data analysis, databases and automatic data processing 

by specific algorithms (machine learning). In addition to data exploration, data science requires expertise 

in the field in which the data relates. A data scientist is more than a statistician or a programmer. He 

works with managers to make decisions. 

The results of the research activity are subject to the interdisciplinary approach required by the fields of 

data analysis, data exploration and data science. Achieving the objectives in the studies and analyses 

presented in the thesis required: 

- In-depth knowledge of data analysis 

- Knowledge of machine learning algorithms 

- In-depth knowledge of specialized languages in data processing such as Python and R 

- Experience working with relational databases 
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- Ability to work with various types of data from various sources (GIS, image data, sound, etc.) 

The first section consists of a single chapter and presents a study on the modelling the uncertainty of 

accelerated propagation in assessing the sensitivity to landslides. The study focuses on modelling the 

uncertainty of propagation from GIS data sources and evaluating their influence on the modelling of 

susceptibility to landslides. In the study, a comprehensive set of tools is developed in the C ++ and Python 

programming languages, based on NVIDIA CUDA technology for the analysis of landslides. 

These tools are using Monte Carlo simulations to generate noise in elevation values and spatial 

delineation of landslide bodies. Uncertainty propagation is evaluated using cumulative probability 

statistics at the pixel level. Thus, for the pixels in the map of susceptibility to landslides, estimates of the 

uncertainty of susceptibility to landslides have been determined and spatially visualized. 

The modeling of the propagation of uncertainty is performed by the Weights of Evidence method based 

on using of the a priori or conditional, along with a posteriori, probabilities in Bayes' theorem. The 

implementation of the model is done in Python language. NVIDIA CUDA technology has been used to 

streamline the calculation of convolution matrices used in landslide analysis. The results of the research 

were published in the study entitled Using CUDA to accelerate uncertainty propagation modelling for 

landslide susceptibility assessment, in the Environmental Modelling & Software journal, vol. 115/2019. 

The second section, Applications of the Intrinsic Entropy Model in the Capital Market consists of two 

chapters. The first chapter proposes an intrinsic entropy model that can be used as an indicator to measure 

investor interest in a particular stock traded. In the second chapter, the volatility estimator based on 

intrinsic entropy is evaluated comparatively with other volatility estimators such as: close-to-close, 

Parkinson, Garman-Klass, Rogers-Satchell and Yang-Zhang. Estimates are calculated using daily 

historical data for market indices such as the S&P 500, Dow 30, NYSE Composite, NASDAQ Composite, 

Russell 2000, Nikkei 225 and Hang Seng Index. Model implementations, associated calculations, graphs 

and presentation of results were done in Python. The results of the research carried out in this direction 

were disseminated by publishing 2 scientific articles in the Entropy journal. 

The third section includes uses of data analysis algorithms in the economic and social field. The first 

chapter of the section presents applications of data analysis algorithms in identifying the behavior of 

energy consumers and analyzing the activity in the field of energy industry. The research was carried out 

in the context of the research project Design of a sustainable energy model by inclusion of behavioural 

and social parameters within the Research Program Romania - Switzerland (RSRP - PN II). Methods 

such as principal component analysis and cluster analysis are used to analyze the spatial concentration of 

energy activities and to identify consumer typologies of residential lighting. Chapter two presents a 

solution for analyzing the relationship among ethnic, religious and linguistic diversity in Romania using 

canonical correlations analysis. The results of the research presented in this section were materialized by 

the publication of 3 studies in ISI Thomson indexed journals, with AIS>0 and 6 scientific papers 
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presented at ISI Thomson indexed international conferences. 

In the fourth section, aspects of interoperability in the implementation of data analysis algorithms are 

approached. The interoperability of applications is, in the large sense, their ability to interact or 

collaborate to achieve a common goal. Interoperability at the level of programming languages is the 

ability of two programming languages to interact in a common application. The efficient implementation 

of data analysis algorithms can be facilitated by language-level interoperability. In the first chapter of the 

section, R-GIS spatial interoperability solutions are proposed in the context of a case study on the analysis 

of ethnic, linguistic and religious diversity in Romania. The second chapter proposes R-Java code 

integration solutions to improve the interactivity of data analysis software solutions. The results of the 

research presented in this section were materialized by publishing 2 studies in Romanian Statistical 

Review (ISI Thomson) and a scientific paper. 

The last section presents a use of the Dynamic Time Warping algorithm as pattern recognition algorithm 

used in voice recognition. The research was carried out in the context of the research program "Methods 

and tools for creating multimodal interfaces, necessary for the development of inclusive information 

systems, with a high degree of accessibility" and materialized by publishing 2 studies in ISI Thomson 

indexed journals or BDI indexed journals. The article Dynamic Programming Algorithms in Speech 

Recognition published in Revista Informatica Economică was cited 58 times according to Google 

Scholar, many citations being in ISI Thomson indexed journals. 

In the period since I received PhD degree, I was co-author or first author of four scientific books, 8 articles 

published in ISI indexed journals with AIS>0, 21 articles published in ISI Thomson journals without AIS 

or BDI journals, 23 papers presented at prestigious international conferences. During the same period, I 

contributed as expert and team member in 8 national and international research projects, all of them won 

by competition. 


