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Rezumat

Teza 'Structura vs. proprietate: algoritmi si modele' a fost scrisa ca o abordare
transdisciplinara care uneste impreuna conceptele de matematica si informatica pentru a rezolva
probleme in chimie. Principala problema tratata este de utilizare a structurii chimice pentru a
explica proprietati (fizice, chimice) si activitati (biologice) de compusi.

Noi folosim modele si algoritmi tot timpul, dar cel mai dificil nu este de a folosi, ci a-i
proiecta si / sau a-i recunoaste. Avand in vedere acest lucru, teza a fost scrisa ca o instruire in
recunoasterea si proiectarea lor, si, prin urmare, ar putea parea prea structurata.

Primul capitol, De la observarie la experiment, si la model, provine dintr-o introspectie
despre proiectarea experimentelor, cele care ne furnizeaza date brute, si din care extragem modele,
tipare si relatii intre observabile noastre si el poate fi considerat situat la baza urmatoarelor.

Al doilea capitol, Reprezentare cu formule si proprietari, defineste materialul nostru de
cercetare in timp ce al treilea capitol, Nivele de reprezentare sintetizeaza legaturile cheie intre
structura si proprietatea compusilor chimici. Un rezultat original este dat la sfarsitul sau, si este
despre legatura dintre raspandirea clorofilelor in organisme vii si eficienta lor in conversia energiei
solare.

Capitolul al patrulea, Topologie si geometrie moleculara, defineste reprezentarea
informationala a structurii chimice si este o punte spre metodele noastre de cercetare. Acesta
contine, de asemenea, o serie de rezultate originale privind dezvoltarea si utilizarea de instrumente
de topologie moleculara pentru a investiga structura chimica.

Capitolul al cincilea, Teoria reacriilor chimice si a echilibrului, discuta despre a doua
utilizare a modelarii matematice in chimie, pentru studiul cineticii de reactie. Implementari soft usor
de facut sunt furnizate.

Capitolul al saselea, Separare in amestecuri de solvensi: metoda triunghiului lui Snyder,
asigura legatura dintre teoria solutiilor si utilizarea de modele pentru a estima faza optima realizata
in cromatografie. Aplicatii ale unor modele derivate aici sunt oferite in capitolul 16.

Capitolul al saptelea, Analiza variabilelor binare si multinomiale: intervale binomiale de
incredere, este o intoarcere Tnapoi la provocarea de a utiliza functia de masurare, discutata in primul
capitol. Anume, acest capitol (care contine rezultate originale de asemenea), ia primul nivel al
functiei de masurare (in scala binara si multinominald) si ofera solutii pentru a exprima increderea
la expresii care contin rapoarte binare (atunci cand sunt utilizate pentru a masura asocieri intre
observabile).

Capitolul 8, Analiza variabilelor ordinale: statistica rangurilor, ia al doilea nivel al functiei

de masurare (pe scale de ordine) si ofera solutii pentru a exprima taria asocierii monotone.
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Capitolul 9, Analiza de regresie liniara: modele liniare, ia ultimul nivel de masurare (pe
scala raport) si ofera alternative de analiza pentru cel mai important model de asociere: al asociatiei
liniare. Doua rezultate originale sunt prezentate aici: despre generalizarea distributiilor Gauss si
Laplace si utilizarea acesteia pentru a evalua tipul de eroare experimentala, iar celalalt este cu
privire la alternativele in analiza de asociere liniara.

Capitolul 10, Relayii structurg-activitate: metoda familiilor de descriptori, da contributia
mea principald la dezvoltarea metodelor de analiza a legaturii dintre structura si proprietatea
compusilor chimici.

Capitolul 11, Reducerea complexitarii de calcul: proiectarea si utilizarea de algoritmi
genetici, da contributia mea principala la proiectarea de algoritmi genetici pentru a gasi euristic
relatiile structura-activitate.

Capitolul 12, Aplicarii de analiza distributiei populayiei, ofera o serie de rezultate originale
obtinute implicand analiza distributiei populatiei din care provine un esantion.

Capitolul 13, Aplicarii de teoria grafurilor si analiza statistica, ofera o serie de rezultate
originale in teoria grafurilor, teoria informatiei, si statistica aplicata, precum si utilizarea lor pentru
a evalua relatia dintre structura si proprietatea compusilor chimici.

Capitolul 14, Aplicarii de proiectare soft, descrie pe scurt rezultatele de la dezvoltarea si
evaluarea software-ului pentru efectuarea cercetarilor.

Capitolul 15, Aplicarii de meta-euristici, subliniaza rezultatele obtinute din utilizarea unei
contingente de strategii de evolutie la studiul evolutiei supervizate de algoritmi genetici.

Capitolul 16, Analiza factorilor in separarea din amestecuri de solvenyi, subliniaza
rezultatele obtinute din analiza a factorilor intrinseci care apar la separarea cromatografica de
compusi chimici.

Capitolul 17, Dinamica chimicalelor, discuta patru rezultate originale obtinute atunci cand
dinamica a produselor chimice a facut obiectul cercetarii.

Urmatoarele trei capitole (18, 19, si 20, numite Relayii structurg-activitate cu familii de
descriptori moleculari (1), (2), si (3)) structureaza principalele rezultate obtinute din utilizarea
familiilor de descriptori moleculari pentru cautarea relatiilor dintre structura si proprietatea
compusilor chimici.

Capitolul 21, Subiect de interes: proiectarea de algoritmi si modele, explica planurile mele
pentru dezvoltarea in continuare pe acest subiect-cheie asumat: proiectarea de algoritmi si modele,
implementarea programelor si obtinerea de ecuatii pentru a corela structura cu proprietatea.

Capitolul 22, Planurile de actiune, ofera o serie de actiuni identificate, si, prin urmare

probabil sa urmeze planul asumat de dezvoltare.
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Summary

‘Structure vs. Property: Algorithms and Models' thesis has been written as a transdisciplinary
approach joining together concepts of mathematics and informatics to solve problems in chemistry.
The main problem treated is the use of the chemical structure to explain measured (physical,
chemical) properties and (biological) activities of the compounds.

We use models and algorithms all the time, but the most difficult is not to use, but to design
and/or recognize them. Having this in mind, the thesis has been written as training for their
recognition and design, and therefore it may seem too structured.

First chapter, From observation to experiment, and to model, comes from a introspection
about the experimental design, the one which we provide raw data, and from which we extract
models, patterns and relations between our observables and may be considered the basis for the
following.

The second chapter, Representation with formulas and properties, defines our researching
material while the third chapter, Representation levels synthesizes the key links between the structure
and the property of the chemical compounds. An original result is given at the end of its, and is about
the link between the spread of the chlorophylis in living organisms and their efficiency in converting
the solar energy.

The fourth chapter, Molecular topology and geometry, defines the informational
representation of the chemical structure and is a bridge to our methods of research. It contains also a
series of original results about the developing and the use of molecular topology tools to investigate
the chemical structure.

The fifth chapter, Theory of chemical reactions and equilibrium, discuss the second using of
mathematical modelling in chemistry, for study of the reaction kinetics. Software implementations
easy to do are provided.

The sixth chapter, Separation in solvent mixtures: Snyder triangle's method, provides the link
between the theory of solutions and the use of models to estimate the optimum mobile phase in
chromatography. Applications of the models derived here are given in Chapter 16.

The seventh chapter, Binary and multinomial variables analysis: binomial confidence
intervals, is a turning back to the challenge of measurement function use, discussed in the first
chapter. Namely, this chapter (containing original results too), takes the first level of the measurement
function (on binary and multinomial scales) and provides solutions to express the confidence for
expressions containing binary ratios (when are used to measure the association between observables).

Chapter 8, Ordinal variables analysis: ranks statistic, takes the second level of the

measurement function (on ordinal scales) and provides solutions to express the strength of the
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monotonic association.

Chapter 9, Linear regression analysis: linear models, takes the last level of measurement (on
ratio scales) and provides analysis alternatives for the most important model of association: the linear
association. Two original results are given here: about the generalization of the Gauss and Laplace
distributions and its use to assess the type of the experimental error, and the other is about the
alternatives in linear association analysis.

Chapter 10, Structure-activity relationships: families of descriptors method, gives my main
contribution at developing of the methods of analysis the link between the structure and the property
of the chemical compounds.

Chapter 11, Reducing computing complexity: projecting and using of genetic algorithms,
gives my main contribution at the design of genetic algorithms for heuristic finding of structure-
activity relationships.

Chapter 12, Population distribution analysis applications, gives a series of original results
obtained involving the analysis of population distribution from which a sample was drawn.

Chapter 13, Graph theory and statistical analysis applications, gives a series of original
results in graph theory, information theory, and applied statistic, as well as their use to assess the
relation between the structure and the property of the chemical compounds.

Chapter 14, Software design applications, briefly describes the results from development and
assessment of the software for conducting researches.

Chapter 15, Meta-heuristics applications, points out the results obtained from the use of a
contingency of evolution strategies to the study of the evolution supervised by genetic algorithms.

Chapter 16, Analysis of factors in separating from solvent mixtures, point out the results
obtained from the analysis of intrinsic factors occurring at the chromatographic separation of chemical
compounds.

Chapter 17, Chemicals dynamics applications, discuss four original results obtained when
dynamics of chemicals was the subject of research.

Following three chapters (18, 19, and 20, named Structure-activity relationships with families
of molecular descriptors (1), (2), and (3)) structures the main results obtained from the use of the
families of molecular descriptors to provide relations between the structure and the property of the
chemical compounds.

Chapter 21, Subject of interest: design of algorithms and models, explain my plans for further
development on this assumed key subject: design of algorithms and models, implementation of
programs and obtaining of equations for relating the structure with the property.

Chapter 22, Action plans, gives a series of identified actions, and thus probable to follow the

assumed plan of development.
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From prologue to epilogue

January 30, 2012:
Thesis 'Structure vs. Property: Algorithms and Models' was submitted to the office for habilitation
accreditation management;

July 24,2012:
The evaluation of the thesis begins;

August 30, 2012:
Accepting of the thesis of habilitation for public defense;

September 24, 2012:
Public defending of the thesis; favorable resolution of the committee:
-+ Prof. Dr. Mircea V. DIUDEA (President, Chemistry, Babes-Bolyai University);
+ Prof. Dr. Ion NEDA (Chemistry, Braunschweig University of Technology);
-+ Prof. Dr. Dusanka JANEZIC (Chemistry & Mathematics, National Institute of Chemistry Ljubljana);
+ Prof. Dr. Adrian PETRUSEL (Mathematics, Babes-Bolyai University);
+ Assoc. Prof. Lehel CSATO (Informatics, Babes-Bolyai University);

December 11, 2012:
Validation of the national scientific council with the proposal of the field: Chemistry;

April 18,2013:
Resort ministry order confirming the resolution and allowing the use of the title: PhD Advisor in
Chemistry;

April 30, 2013:
Information about the resolution to the Technical University of Cluj-Napoca;

May 8, 2013:
I was informed about the resolution;

May 20, 2013:
I applied to use PhD Advising right under the frame of the Doctoral School of Babes-Bolyai
University;

July 11, 2013:
I received the acceptance for PhD Advising under the frame of the Doctoral School of Babes-
Bolyai University;

August 3, 2014:
No open positions for PhD studies in the 2013 year for me under the frame of the Doctoral School of
Babes-Bolyai University;

(from) August 4, 2014:
2014 is the year in which I start to have open positions for PhD studies.

Lorentz JANTSCHI
June 10, 2013; Updated on July 12, 2013; Updated on August 3, 2013; Updated on September 25, 2014.
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