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Rezumat

Teza de abilitare cu titlul ,Sisteme suport pentru decizii bazate pe date: statistici, inteligentd
artificiala si simulare integrate in managementul operational — arhitecturd metodologica
replicabild, aplicata in sustenabilitate corporativé, mentenantd, securitate si transformare
digitala" abordeaza fundamentarea deciziilor manageriale si ingineresti in contexte
caracterizate de incertitudine, multicriterialitate si interdependente intre factori tehnici,
economici si umani. in astfel de conditii, modelele strict deterministe sau unidimensionale
sunt adesea insuficiente pentru a explica variabilitatea performantei si pentru a sustine
interventii robuste in practica.

Contributia centrala consta in propunerea si validarea unei arhitecturi metodologice
replicabile care integreaza: (i) metode statistice si experimentale (regresie/ANOVA si
DOE/RSM), (ii) evaluare multicriterial si instrumente explicabile de soft computing (logica
fuzzy, sisteme de inferenta), (iii) modele hibride de inteligenta artificiala (ANFIS, retele
neuronale, invatare automata), (iv) metaeuristici pentru optimizare (GA/IGA, PSO/HPSO),
precum si (v) simulare (inclusiv Monte Carlo) si ingineria valorii. Demersul depaseste
predictia, urmarind transformarea datelor si a cunoasterii experte in mecanisme
decizionale explicabile si auditabile (scoruri, profiluri, reguli, scenarii si recomandari
operationalizabile).

Obiectivele cercetérilor vizeaza operationalizarea unor constructe dificil de masurat
(maturitatea digitala, sustenabilitatea/ESG, rezilienta), precum si modelarea relatiilor
neliniare si a dependentelor dintre variabile relevante pentru performanta. Un accent
specific este pus pe corelarea componentelor de dependabilitate (RAMS) cu indicatori
operationali (productie-calitate—cost) si pe integrarea dimensiunilor de securitate Si risc
in procesele organizationale si industriale.



Teza urmareste explicit echilibrul dintre interpretabilitate si performanta. Modelele
explicabile (analize statistice, DOE/RSM, sisteme fuzzy bazate pe reguli, modelare cauzala
si analize multivariate, SEM/PLS-SEM, ingineria valorii) sustin transparenta si trasabilitatea
deciziei, in timp ce modelele bazate pe invdtare (NN/ML, ANFIS si optimizare evolutiva)
sporesc capacitatea predictiva si generalizarea. Sunt avansate configuratii hibride, in care
componentele explicabile fundamenteaza decizia, iar modelele cu complexitate ridicata
sunt utilizate controlat, cu proceduri de validare si masuri pentru reducerea riscului de
supra-adaptare.

Din perspectiva organizarii, sectiunea realizarilor stiintifice delimiteaza directii
metodologice (B1) si le transpune in contributii aplicative (B2), demonstrate prin studii de
caz. Directile metodologice includ: metode statistice si experimentale; soft computing
explicabil (abordari fuzzy); modele hibride IA (neuro-fuzzy, retele neuronale); metaeuristici
pentru optimizare; modelare cauzald si analize multivariate; cadrul pentru transformare
digitala si protectia datelor; inovare incrementala prin ingineria valorii; precum si metode
NLP/ML pentru analiza textelor si identificarea conexiunilor interdisciplinare.

Contributiile aplicative sunt organizate in arii tematice care faciliteaza transferul
metodologic: (1) sustenabilitate organizationala si ESG — modele multicriteriale si sisteme
fuzzy pentru evaluarea echilibrului dintre performanta de mediu si cea financiara, precum
si analize privind transparenta si factorii de guvernantsa; (2) managementul mentenantei —
modele statistice si neuro-fuzzy pentru dependabilitate, evaluarea sigurantei in
functionare si analiza scenariilor prin simulare; (3) securitate si transformare digitala -
evaludri ale maturitatii digitale si integrarea securitatii cibernetice in deciziile operationale;
(4) optimizare operationala — metaeuristici aplicate problemelor combinatoriale (rutare,
alocare, echilibrare); (5) domeniul educational si comportamental — analiza constructelor
latente utilizand SEM si modele predictive; (6) inovare incrementald — interventii bazate
pe ingineria valorii, simulare si prototipare pentru reducerea riscului si cresterea
performantei.

fn ansamblu, teza rdspunde cerintelor actuale privind raportarea si guvernanta
sustenabilitatii, cresterea rezilientei prin mentenanta bazatd pe date, accelerarea
transformarii digitale si intensificarea riscurilor cibernetice, precum si necesitatea cresterii
eficientei operationale. Metodologia este validata pe studii de caz din ariile mentionate,
demonstrand atat utilitatea instrumentelor explicabile pentru decizie, cat si aportul
modelelor IA pentru predictie si optimizare. Prin integrarea unor surse de date eterogene
(masuratori operationale, serii temporale, chestionare, judecati de expert, indicatori
tehnico-economici), sunt obtinute rezultate comparabile si usor de utilizat in practica,
inclusiv sub forma unor tablouri de bord si proceduri de control/audit. Metodologia
propusa este orientatd catre replicare, validare si transfer in medii organizationale si
industriale diverse.
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Abstract

The habilitation thesis, entitled ,Data-driven decision support systems: statistics, artificial
intelligence, and simulation integrated into operational management - a replicable
methodological architecture applied to corporate sustainability, maintenance, security, and
digital transformation”, addresses the substantiation of managerial and engineering
decisions in contexts characterized by uncertainty, multi-criteria decision settings, and
interdependencies among technical, economic, and human factors. Under such
conditions, strictly deterministic or single-dimensional models are often inadequate for
explaining performance variability and for supporting robust interventions in practice.

The thesis makes its main contribution by proposing and validating a replicable
methodological architecture integrating: (i) statistical and experimental methods
(regression/ANOVA and DOE/RSM); (ii) multi-criteria evaluation and explainable soft-
computing instruments (fuzzy logic, inference systems); (iii) hybrid artificial intelligence
models (ANFIS, neural networks, machine learning); (iv) metaheuristic optimization
approaches (GA/IGA, PSO/HPSO); and (v) simulation (including Monte Carlo methods)
and value engineering. This framework goes beyond prediction by transforming data and
expert knowledge into explainable and auditable decision-support artifacts (scores,
profiles, rules, scenarios, and actionable recommendations).

The research objectives focus on operationalizing constructs that are intrinsically difficult
to quantify (digital maturity, sustainability/ESG, resilience) and on modeling nonlinear
relationships and dependencies among performance-relevant variables. Particular
emphasis is placed on linking dependability components (RAMS) to operational indicators
(production—quality—-cost) and on embedding security and risk dimensions into
organizational and industrial processes.



The thesis deliberately seeks a balance between interpretability and performance.
Explainable approaches (statistical analyses, DOE/RSM, fuzzy rule-based systems, causal
modeling and multivariate analyses, SEM/PLS-SEM, value engineering) support
transparency and decision traceability, whereas learning-based models (NN/ML, ANFIS,
and evolutionary optimization) enhance predictive capability and generalization. Hybrid
configurations are advanced in which explainable components underpin decision-making,
while higher-complexity models are used in a controlled manner, supported by validation
procedures and measures aimed at mitigating overfitting.

Structurally, the scientific achievements section defines a set of methodological directions
(B1) and translates them into applied contributions (B2) demonstrated through case
studies. The methodological directions encompass: statistical and experimental methods;
explainable soft computing (fuzzy approaches); hybrid Al models (neuro-fuzzy systems,
neural networks); metaheuristic optimization; causal modeling and multivariate analysis;
frameworks for digital transformation and data protection; incremental innovation via
value engineering; and NLP/ML methods for text analysis and the identification of
interdisciplinary linkages.

The applied contributions are organized into thematic areas that facilitate methodological
transfer: (1) organizational sustainability and ESG multi-criteria models and fuzzy systems
for assessing the balance between environmental and financial performance, alongside
analyses of transparency and governance drivers; (2) maintenance management -
statistical and neuro-fuzzy models for dependability, operational safety assessment, and
simulation-based scenario analysis; (3) security and digital transformation - digital
maturity assessment and the integration of cybersecurity into operational decision-
making; (4) operational optimization—metaheuristics applied to combinatorial problems
(routing, allocation, balancing); (5) educational and behavioral domains: latent-construct
analysis using SEM and predictive modeling; and (6) incremental innovation and value-
engineering, simulation, and prototyping interventions aimed at risk reduction and
performance improvement.

In summary, the thesis addresses current imperatives in sustainability reporting and
governance, enhanced resilience via data-driven maintenance, accelerated digital
transformation, rising cybersecurity risks, and the need to improve operational efficiency.
The proposed methodology is validated through case studies across the above domains,
demonstrating both the decision relevance of explainable models and the added value of
Al-enabled prediction and optimization. By integrating heterogeneous data sources
(operational measurements, time series, surveys, expert judgments, techno-economic
indicators), the research yields comparable, practice-oriented outputs, including
dashboards and control/audit procedures. Overall, the methodology is designed for
replicability, validation, and transferability across diverse organizational and industrial
contexts.



