
 

 

 

The Bucharest University of Economic Studies 

Economic Informatics Doctoral Domain 

Economic Informatics Doctoral School 

 

 

 

HABILITATION THESIS 

Abstract 

 

Research on Intrinsic Entropy of Exchange-Traded Securities 

Supported by Message-Oriented Software Developments 

 

 

 Candidate 

       Assoc Prof PhD Claudiu VINȚE 

 

 

Bucharest 2022 



2 

 

This habilitation thesis traces the incremental academic research in the field of trading 

technology, doubled by software design and implementation, that paved the way for the 

introduction of the intrinsic entropy of exchange-traded securities. 

Specific research activity began in the academic year 2009 when I was given the 

opportunity to propose a new optional module for the Master’s Program in Economic 

Informatics organized by the Department of Informatics and Economic Cybernetics. The 

module titled The Informatics of the Equity Markets (www.iem.ase.ro) introduces to graduate 

students the computer science peculiar approaches required by the equity market, outlining the 

models that facilitate the trading of financial instruments on modern electronic stock 

exchanges. 

Having been previously involved, for more than ten years, in developing software solutions 

for high-frequency trading on a stock exchange with industry world-leading companies in 

Tokyo, Japan, such as Goldman Sachs Japan Holdings Ltd., Simplex Risk Management Inc., 

Fusion Systems Japan Inc., the objective has been to create within the Faculty of Cybernetics, 

Statistics, and Economic Informatics a laboratory that would provide students with the 

foundations for the highest level of software development prowess and academic financial and 

trading technology modeling research.  

Consequently, the content of this thesis follows the quest for the conception and 

development of an academic trading simulation environment that would provide the premises 

for discoveries regarding indicators that may contribute to a better understanding of the 

mechanisms that govern the electronic stock markets today. 

The habilitation thesis presents a coherent path of published scientific articles that 

consistently outline three research stages, along with the results I have achieved at each stage: 

research on message-oriented open trading architectures, design, and development of the 

ASETS (Academia de Studii Economice Trading System) as an academic trading platform, 

research environment and technological framework for further software development, and the 

discovery process of the intrinsic entropy of exchange traded securities. Subsequently, the 

intrinsic entropy is modeled on intraday trading data, historical longitudinal trading data, and 

historical cross-sectional trading data. The established objectives and the results obtained at 

each stage of the research are intimately interconnected with the holistic goal of a deeper 

understanding of how the stock market works. Therefore, the habilitation thesis is organized 

into three parts: Part I - Scientific and professional achievements, Part II - Evolution and 

Development Plans of the Scientific and Academic Career, and Part III – Bibliography. The 

bibliography collects all bibliographic references included across the entire thesis, and the 

entries are sorted alphabetically by authors. 

Part I - Scientific and Professional Achievements presents my personal scientific 

achievements and is organized into seven chapters. The diagrams, figures, and tables included 

are numbered in chapters. Chapter 1 - Premises for a Message-Oriented Open Architecture 

Trading Model concerns the research on assessing the performance of a trading architecture 

beyond a few synthetic indicators like response time, system latency, availability, or volume 

capacity. Trading systems involve complex software architectures of distributed resources. 

Offering a low-latency ordering system by nowadays standards is relatively easily achievable, 

but integrating it flexibly within the broader information system architecture of a broker/dealer 

requires operational aspects to be factored in. In this context, I propose a metric to measure the 

http://www.iem.ase.ro/
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coupling level within software architecture and use it to identify architectural designs that can 

offer a higher level of operational responsiveness, which ultimately would increase the overall 

real-world performance of a trading system. Chapter 2 - Upon a Message-Oriented Trading 

API introduces the application-programming interface (API) employed within the trading 

system of a broker/dealer, or a market access provider, which acts as a binding agent among a 

variety of applications that compose the system. In this context, how the API is designed to 

facilitate interactions between applications determines the characteristics and general behavior 

of the entire trading system. The developments that I present in this chapter provide the 

foundations for a trading system application programming interface (API) based on message-

oriented middleware (MOM). I also present the results of my research on the design and 

implementation of a simulation trading system that employs a service-oriented architecture 

(SOA) and messaging. Chapter 3 - Design and Implementation of ASETS (Academia de Studii 

Economice Trading System) presents the research that has been conducted with the aim of 

creating a simulation trading platform, within the academic environment, that would provide 

both the foundation for future experiments with trading system architectures, components, 

APIs, and the framework for research on trading strategies, trading algorithm design, and 

equity markets analysis tools. Designing a trading API based on message-oriented middleware 

provides an optimal balance with regard to the overall response, availability, reliability, and 

flexibility of the system to accept future changes and extensions. Through messaging, the 

message producer, or client component (from the perspective of the message server) does not 

need to know which programming language or platform the receiving component is written in, 

where the component or service is located, what the component or service implementation 

name is, or even the protocol used to access that component or service – to observe the HTTP 

tunneling mechanism used to access the trading GUI from the web browser. It is by means of 

these levels of abstraction that replacing the components and subsystems is more easily 

enabled, thereby increasing architectural agility. Chapter 4 - SOA and Web Technology for 

Building the BSE Market Map details the results of my academic research upon building the 

market map for the Bucharest Stock Exchange (BSE). Visual representation as a map of stock 

market data can offer quick and relevant access to the overall state of the market at a given 

point in time. The original CARD (Capital Allocation through Rectangular Distribution) engine 

that I designed and implemented is capable of building various visual market maps for BSE. 

Hovering the pointer over the map allows one to choose the rectangle to be in focus. For the 

company in focus is shown a tooltip, which supplies the following information: full name of 

the company, stock symbol, price of the last market transaction, percentage and absolute price 

variation since the chosen reference. The graphical user interface is transparently updated with 

fresh market data from the BSE every minute and therefore provides a quick and accurate view 

of the changes that occurred in the Bucharest stock market over a desired time frame. The 

delayed trading data is obtained through an ongoing fruitful collaboration with the Bucharest 

Stock Exchange. The CARD engine provides algorithms for constructing, along with 2-D 

maps, 1-D bars with color-coded segments that can be used for capturing the weight and the 

evolution of each market sector within an exchange section or on the stock market as a whole, 

along with corresponding price variation, for example. Chapter 5 - Discovery Process for 

Intrinsic Entropy of Exchange Traded Securities introduces the intrinsic entropy model for the 

intraday trading data that can be used as an indicator to gauge investor interest in a given 
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exchange-traded security. Research is based on the observations made and the knowledge that 

I acquired in the process of designing and developing the ASETS academic message-oriented 

trading platform. Although the syntagma of intrinsic entropy might sound somehow pleonastic, 

since entropy itself characterizes the fundamentals of a system, I would like to make a clear 

distinction between entropy models based on the values that a random variable may take and 

the model that I propose, which employs actual stock exchange trading data. The model I 

propose for the intrinsic entropy does not include any exogenous factor that could influence 

the level of entropy. The intrinsic entropy signals whether the market is inclined to buy the 

security or rather to sell it. Furthermore, I explore the usage of the intrinsic entropy model for 

algorithmic trading to demonstrate the value of this model in assisting investors in selecting 

the intraday stock portfolio, along with timely generated signals to support the buy/sell 

decision-making process. The test results provide empirical evidence that the proposed intrinsic 

entropy model can be used as an indicator to evaluate the direction and intensity of intraday 

trading activity of an exchange-traded security. The data used for the test consisted of historical 

intraday transactions executed on the Bucharest Stock Exchange (BSE). To demonstrate the 

usability of the intrinsic entropy model for practitioners, I designed and implemented two 

intraday trading algorithms: one that makes decisions based on the values of the computed 

entropy along with the VWAP, and another that uses only the VAWP in the decision-making 

process. The comparison between the returns generated by the two trading algorithms shows 

that a return can be obtained 3.9 times higher by incorporating the intrinsic entropy model in 

an otherwise simple VWAP based trading algorithm. In addition to these results, it should be 

noted that the trading algorithm based on intrinsic entropy provided an embedded mechanism 

for stock portfolio selection: it traded 11 out of 29 considered stocks. When computed for each 

instrument listed on the BVB, the intrinsic entropy can provide a synthetic perspective of 

overall market performance. Chapter 6 - A Volatility Estimator of Stock Market Indices Based 

on Intrinsic Entropy Model introduces the intrinsic entropy, based on historical longitudinal 

trading data, as a more comprehensive volatility estimator for stock market indices or 

exchange-traded securities for that matter. Grasping the historical volatility of stock market 

indices and accurately estimating are two of the main focus of those involved in the financial 

securities industry and derivative instrument pricing. Unlike widely used volatility models that 

take into account only the elements related to traded prices, namely the open, high, low, and 

closed prices of a trading day (OHLC), the intrinsic entropy model also takes into account the 

traded volumes during the considered time frame. I adjust the intraday intrinsic entropy model 

that was introduced earlier for exchange-traded securities in order to connect daily OHLC 

prices with the ratio of the corresponding daily volume to the overall volume traded in the 

considered period. The intrinsic entropy model conceptualizes this ratio as an entropic 

probability or a market credence assigned to the corresponding price level. The intrinsic 

entropy is calculated using historical daily data for traded market indices (S&P 500, Dow 30, 

NYSE Composite, NASDAQ Composite, Nikkei 225, and Hang Seng Index). The results 

produced by the intrinsic entropy model are compared with the volatility estimates obtained 

for the same data sets using widely employed industry volatility estimators. The intrinsic 

entropy model proves to consistently deliver reliable estimates for various time frames, while 

showing peculiarly high values for the coefficient of variation, with the estimates falling into a 

significantly lower interval range compared with those provided by the other advanced 
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volatility estimators. It must be noted that while producing estimates in a significantly lower 

range compared with the other considered volatility estimators, intrinsic entropy-based 

volatility offers consistently higher values for the coefficient of variation of its estimates. The 

tests that I conducted using historical trading data concerning the major international stock 

market indices provide empirical evidence that the intrinsic entropy-based volatility estimator 

offers more information regarding the market volatility, particularly for short time intervals of 

5 to 11 days of trading data. Chapter 7 - Studies in Cross Section and the Cross-Sectional 

Intrinsic Entropy as Volatility Estimator for the Stock Market as a Whole presents useful and 

formative results obtained from studies in cross section and introduces a cross-sectional 

estimation of stock market volatility based on the intrinsic entropy model. The proposed cross-

sectional intrinsic entropy (CSIE) is defined and calculated as a daily volatility estimate for the 

entire market, based on daily traded prices, open, high, low, and close (OHLC), along with the 

daily traded volume for all symbols listed on The New York Stock Exchange (NYSE) and The 

National Association of Securities Dealers Automated Quotations (NASDAQ). I perform a 

comparative analysis between the time series obtained from CSIE and the historical volatility 

as provided by the estimators: close-to-close, Parkinson, Garman–Klass, Rogers–Satchell, 

Yang–Zhang, and intrinsic entropy (IE), defined and computed from historical OHLC daily 

prices of the Standard & Poor’s 500 index (S&P500), Dow Jones Industrial Average (DJIA) 

and the NASDAQ Composite index, respectively, for various time intervals. This study uses 

an approximate 6000-day reference point, beginning on January 1, 2001, until February 23, 

2022, for both the NYSE and the NASDAQ. The empirical results presented in this chapter 

show that the CSIE market volatility estimator is consistently at least 10 times more sensitive 

to market changes than the volatility estimates captured through the market indices for both the 

NYSE and the NASDAQ. This high variability of the market volatility estimate provided by 

the CSIE corroborates the lower volatility risk traditionally associated with market indices. The 

results answer the first research question of the study: How does the cross-sectional intrinsic 

entropy (CSIE) market volatility estimator of the NYSE and NASDAQ stock markets relate to 

the volatility evolution of the corresponding indices, the S&P 500 Index (S&P500), Dow Jones 

Industrial Average (DJIA), and the NASDAQ Composite, respectively? To answer the second 

research question of this study - Does the volatility of market indices follow the cross-sectional 

intrinsic entropy as a volatility estimator for the entire market? - I define and calculate specific 

betas. These ad hoc-defined betas are computed as ratios between the covariance of market 

index volatility and market volatility estimates provided by CSIE and the variance of the cross-

sectional intrinsic entropy of the market. The beta values confirm a consistently lower volatility 

risk for the market indices compared to the entire market on the various lengths so investigated 

time intervals and various rolling windows used for computing the volatility estimates: overall 

between 50 % and 90% lower volatility risk. 

Part II - Evolution and Development Plans of the Scientific and Academic Career, presents 

my proposal for a university career development program based on three pillars. 

A. Orienting the didactic process toward stimulating and supporting the creative learning 

process among students. 

B. Channeling scientific research activity towards directions that produce effects and 

deliverable results. 
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C. Training students as future innovative entrepreneurs through both curricular and 

extracurricular activities. 

Regarding future academic evolution and the research questions that I posed to myself to 

be further addressed, I identify the following directions for personal development. 

− Investigate the use of cross-sectional intrinsic entropy as a macro-, comprehensive 

volatility estimator to forecast the volatility evolution of the entire stock market. 

− Evaluate portfolio volatility by exploring the interaction between individual financial 

instrument volatility, via the intrinsic entropy of longitudinal data, and the cross-

sectional intrinsic entropy of the stock market as a whole. 

− Develop a framework within the ASETS academic trading platform for agent-based 

simulations. 

− Explore algorithmic trading models that incorporate beta indicators conceived on 

market volatility estimates provided by cross-sectional intrinsic entropy. 

− Study and model through software development for data analysis of complex 

financial networks and their ability or inability to adapt to dynamic changes, using 

subnetworks' intrinsic entropy. 

− Portfolio selection algorithms using the market volatility estimates provided by the 

cross-sectional intrinsic entropy. 

− Machine learning and deep structured learning algorithms for stock market volatility 

forecast that incorporate volatility estimates provided by the intrinsic entropy and 

attached to the nodes, in neural network configurations with multiple node layers. 

− Through personal contribution and organizational involvement, over time, a relevant 

special section for financial markets computer modelling will be developed under the 

auspices of the International IE Conference, organized by the Faculty of Cybernetics, 

Statistics, and Economic Informatics. The goal of this ongoing process is to develop 

an international hub for sharing research ideas and common projects at the European 

level and to extend and strengthen the existing cooperation and partnership among 

European academic communities. 

 

 

 

 

 

 

 

 

 

 

 

 


