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Abstract

This habilitation thesis is rooted in the Ph.D. thesis and is based on several research papers
(journal articles, conference proceedings, and a post-doctoral dissertation) published after publicly
sustaining the Ph.D. thesis.

Three main research directions have been approached: two of them focus on topics related to
Software Development, and the third focus on evaluating an innovative technical curriculum for
Business Information Systems (BIS) undergraduate and graduate programs.

The first research direction, Modern Data-Oriented Software Architectures based on Web
Services, consists in some specific topics which could be grouped into the following research areas:
Services Oriented Architectures
Data Integration
Web Services
Semantic Web (Technologies & Architectures).

The main contributions in these areas consist in:

(1) Adoption criteria analysis for Services Oriented Architectures. We compared adoption criteria
for monolithic architectures, microservices architecture, and service-oriented architectures on two
coordinates (i) business criteria support (e.g. adaptive business process, orchestration of global
business features), and (ii) technical criteria support (e.g. integration of heterogeneous platforms,
scalability, data integration, and intercommunication).

(2) RoaML Architectural framework for service-based architectures. We reviewed several
modeling methods based on classical SOA (like SOA-RM, SOA Ontology, and SOMF). Then we
proposed a BPM-SOA workflow to use the REST computing approach for SOA-based Information
Systems, and finally, we elaborate a REST-oriented Architecture Modelling Language (RoaML)
based on UML extension mechanisms where we joined a Domain-Driven Metamodel with a REST-
Driven Metamodel into a REST-Domain Metamodel.

(3) Data Integration using Web Data Services. Our first concern was on an architectural definition
of the Data Web Services concept taking into consideration requirements such as data interchange
protocol, data interoperability architecture, and data resources (internal data storage). Then we
differentiated three major Data Web Services flavors from three distinct perspectives: business
process-centric, distributed data access-centric, and data storage management-centric. Also, we
outlined the advantages of the Service Data Objects (SDO) open-source standard to ground a
dynamic and agile data integration platform where the database federalization problems have been
addressed by using encapsulating Object-Relational Database servers into Data Web Services.
Finally, we proposed a Data Integration Architecture to leverage a construction with three levels:
Core-DIA (Data Interchange Architecture), DAS-DIA (Data Information Architecture), and E-DIA
(Enterprise Data Integration Architecture).

(4) Semantic Web (Technologies & Architectures) potential for data-oriented business
architectures. In this regard, we investigated the Semantic Web technologies as a promising factor
to enhance Web Service-based Architecture. Thus, we analyzed the RDF and SPARQL
technologies' implications on Data Integration Architecture for analytics systems, and we also
examined the Semantic Web's importance for the quality of data in the specific business application
context of E-Commerce websites.
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The second major research direction, named Analytics Systems, covers areas as:

e OnLine Analytical Processing (OLAP), as a more “traditional” Business Intelligence (Bl)
approach

e Data Science, as an evolutionary/modern trend, also related with Business Intelligence
Systems.

The main contributions that we propose consist in:

(1) An Object-Oriented Web OLAP Data Model. We made a systematic review of the OLAP
models proposed in the literature and we selected the most relevant relational-based and object-
oriented approaches. Starting from this base of models we proposed a new simplified approach
focused on several characteristics such as the symmetrical modeling of dimensions and metrics, the
explicit modeling of hierarchical structures, the explicit definition of the concept of the generic cube,
the hypercube as a superstructure modeling super-relationships, and the modeling of cube operators
as generalizations of relational algebra operators.

(2) OLAP Web Services-based Architecture. Starting from a generic Data Warehouse
architecture, we analyzed the role and characteristics of ETL tools and then we investigated the
implications of Web Service-related technologies on OLAP architectures. In this context, we
proposed an OLAP framework adaptable for Cloud architectures (OLAP as a Service - OLAPaaS)
taking into consideration the potential of OLAP Web Services. To validate the framework proposed
we developed an experimental study based on the Oracle database context, some specific PL/SQL
libraries, and APEX web applications. Finally, we argued two opportunities related to OLAP Web
Services: producing web analytics from aggregated e-commerce applications and building an OLAP
infrastructure with completed outsourced ETL services (as opposed to more proprietary and closed
approaches).

(3) Data Science/ML Semantic Web-based Architecture. In the context of the modern trend of
Business Intelligence/Analytics Systems, we also approached a software architectural proposal for
Data Science/Machine Learning applications. We explored Semantic Web technologies (like RDF
and SPARQL) potential for Data Integration and Ontology-based transformations to produce an
analytical data model to be processed by a data mining analytical engine using Machine Learning
classification algorithms and prediction rules.

The third research direction, entitled Innovative Technical Disciplines in BIS master programs
curriculum, is not investigating technological aspects, but more is about the relevance of the two
preceding directions in the context of competencies to be acquired by undergraduate and graduate
students from Business Information Systems programs. Our contributions in this direction consist of:

e Technical disciplines evaluation as an innovative driver through the curriculum.

e SOA and Web Services related competencies/skillset analysis.

e Analytics-related competencies/skillset analysis.

Our future plans include specific development of these research directions:
Concerning Modern Software Architectures, our prospective objective refers to Microservice
Architectures:

e Building an extension for RoaML for the domain of MSA modeling.

e Designing Data-Oriented Microservices using efficient techniques for schema
modularization.

e Implementing a Modeling Driven Architecture (MDA) framework as a Distributed Data
Schema platform using microservices.
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Concerning Analytics Systems, our prospective objective refers to approaching Microservices in
the context of Data Science/Machine Learning:
e Analyzing Data Science/ML implications for Software Engineering/Development.
e Proposing a Modeling Driven Architecture (MDA)-based framework for Analytics Systems
applications, as an extension of our primary approach of software architecture for Data
Science/ML.

Concerning BIS curriculum, we intend to explore the feasibility of a discipline in the Software
Engineering area which approach topics from the domain of applying Machine-Learning techniques
for Software Development.
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Rezumat

Prezenta teza de abilitare isi are radacinile in teza de doctorat si se bazeaza pe un numar de
lucrari (articole in jurnale de specialitate, volume ale conferintelor si o disertatie post-doctorala)
publicate dupa sustinerea publica a tezei de doctorat.

Trei directii principale de cercetare au fost abordate: doua dintre ele se concentreaza pe teme
legate de dezvoltare de software, iar a treia se concentreaza pe evaluarea unui curriculum tehnic
inovativ pentru studentii de la programele de licenta si master grupate sub egida specializarilor
Informatica Economica si Sisteme Informationale.

Prima directie de cercetare, Arhitecturi software moderne bazate pe servicii web si centrate pe
date, consta in teme ce pot fi grupate in urmatoarele arii de interes:
arhitecturi orientate pe servicii (SOA),
e integrarea datelor,
e servicii Web,
e tehnologii si arhitecturi specifice Web-ului semantic.

Principalele contributii in acest zone constau in:

(1) O analiz4 criteriilor pentru adoptarea arhitecturilor orientate pe servicii (SOA). In acest sens,
am comparat criterii de adoptie pentru arhitecturi monolit, arhitecturi de microservicii si arhitecturi
orientate pe servicii ludnd Tn calcul doua coordonate: (i) sustinerea proceselor afacerii (de ex.
procese de afacerii adaptive, orchestrarea caracteristicilor afacerilor globale) si (ii) sustinerea
aspectelor tehnice (de ex. integrarea platformelor eterogene, scalabilitatea, integrarea datelor si
intercomunicarea).

(2) Un cadrul de lucru arhitectural RoaML pentru arhitecturi orientate pe servicii. In acest sens,
am trecut n revista mai multe metode de modelare bazate pe principiile clasice SOA (cum ar fi SOA-
RM, SOA Ontology, SOMF). De asemenea, am propus un flux de lucru BPM-SOA care sa
foloseasca abordarea computationald REST pentru sisteme informationale bazate pe SOA si, in
fine, am elaborat un limbaj de modelare arhitecturala orientat pe REST (RoaML) bazat pe
mecanismele de extensie specifice UML in cadrul caruia am combinat un meta-model orientat-pe-
domeniu cu un meta-model orientat-pe-REST rezultdnd un meta-model domeniu-REST.

(3) Integrarea datelor cu mijloace specifice arhitecturilor bazate pe servicii de date Web. Prima
preocupare pe aceasta linie a avut in vedere conceptul serviciilor de date Web luand in considerare
cerinte cum ar fi protocolul de transmitere a datelor, arhitectura de interoperabilitate la nivelul datelor
si resursele de stocare a datelor (modalitatea de stocare interna). Apoi am diferentiat trei genuri de
servicii de date pornind de la trei perspective distincte: centrare pe procese ale afacerii, centrare pe
accesul la date distribuite si centrare pe gestiunea stocarii (distribuite) a datelor. De asemenea, am
scos in evidenta standardul open-source SDO(Service Data Objects) pentru a fonda o platforma de
integrare dinamica si agilda a datelor in care probleme de federalizare au fost abordate prin
Tncapsularea bazelor de date obiectual-relationale in servicii de date Web. in fine, am propus propria
arhitectura de integrare a datelor pentru a potenta o constructie pe trei niveluri: Core-DIA (arhitectura
de intercomunicare a datelor), DAS-DIA (arhitectura informationald a datelor) si E-DIA (arhitectura
de integrare a datelor la nivel de intreprindere).

(4) Relevarea potentialului tehnologiilor si arhitecturilor specifice Web-ului semantic pentru
arhitecturile de afaceri orientate pe date. In acest sens, am investigat tehnologiile Semantic Web ca
factor promitator in directia potentarii arhitecturilor bazate pe servicii Web. Ca urmare, am analizat
implicatiile tehnologiilor RDF si SPARQL asupra arhitecturilor de integrare a datelor si, de
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asemenea, am examinat importanta Web-ului Semantic pentru calitatea datelor in contextul aplicativ
al site-urilor de comert electronic.

A doua directie majora de cercetare, reprezentata prin sintagma Sisteme (Software) Analitice,
acopera urmatoarele arii de interes:
e instrumente de procesare analitica online (OLAP), ca abordare de tip Business Intelligence
traditional;
e Data Science, ca trend evolutionar/modern, de asemenea strans legat de domeniul Business
Intelligence.

Cele mai relevante contributii propuse in aceasta directie:

(1) Un model software Web OLAP orientat-obiect. In acest scop, am realizat o analizi
sistematica a modelelor OLAP din literatura de specialitate si am selectat cele mai relevante abordari
relationale si orientate obiect. Pornind de la aceasta baza de modele am propus o noua abordare
simplificata concentratd pe mai multe caracteristici specifice cum ar fi modelarea simetrica a
dimensiunilor si metricilor, modelarea explicitd a structurilor ierarhice, definirea explicita a
conceptului generic de cub si a hiper-cubului ca o supra-structura de modelare a super-relatiilor,
precum si modelarea operatorilor de manipulare a cuburilor dimensionale ca generalizare a
operatorilor din algebra relationala.

(2) O arhitectura OLAP bazata pe servicii web. Pornind de la o arhitectura generica pentru
depozite de date, am analizat rolul si caracteristicile instrumentelor de tip ETL si apoi am investigat
implicatiilor tehnologiilor legate de serviciile Web asupra arhitecturilor aplicatiilor OLAP. in acest
context, am propus un cadru de lucru adaptabil pentru arhitecturi Cloud (OLAP as a Service,
OLAPaaS) luand in considerare potentialul servicilor Web OLAP. Pentru a valida acest cadru de
lucru am dezvoltat un studiu experimental folosind baze de date Oracle, biblioteci PL/SQL specifice
si aplicatii web gazduite in mediul APEX. Tn concluzie, am argumentat dou3 oportunitati deschise de
servicile Web OLAP: producerea de informatiile analitice in format Web rezultate din agregarea
aplicatiilor de comert electronic si construirea unei infrastructuri de tip OLAP din servicii ETL complet
externalizate (in contrast cu abordarile bazate pe cod-proprietar).

(3) O arhitectura pentru aplicatii de tip Data Science/Machine Learning bazata pe tehnologii
specifice Web-ului Semantic. Tn contextul trendului modern al sistemelor Business
Intelligence/analitice, am propus, de asemenea, o arhitectura software pentru aplicatii de tip Data
Science/Machine Learning. In acest sens, am explorat potentialul tehnologiilor specifice Web-ului
Semantic (cum ar fi RDF si SPARQL) pentru integrarea datelor si pentru specificarea transformarilor
de tip ontologic cu scopul producerii unui model de date analitic destinat a fi procesat de un motor
de procesare analitic folosind algoritmi de clasificare de tip Machine Learning si reguli de predictie.

A treia directie de cercetare, pe care am intitulat-o Curriculum pentru specializéri de tip Sisteme
Informationale pentru Afaceri: Discipline tehnice inovative, nu (mai) are drept scop investigarea unor
aspecte tehnologice, ci are in vedere relevanta celor doua directii anterioare in contextul
competentelor ce ar urma sa fie obtinute de catre studentii de la specializarile de licenta si master
de tip Informaticd Economica si Sisteme Informationale. Principalele contributii in aceasta directie
constau n:

e evaluare disciplinelor tehnice ca factor inovativ al curriculei;

e analiza competentelor legate de temele legate de SOA si Servicii Web;

e analiza competentelor si abilitatilor legate de temele specifice sistemelor analitice.

Planurile viitoare includ dezvoltari prospective specifice pe aceste directii de cercetare abordate,
cum ar fi:
7
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In privinta Arhitecturilor software moderne, obiectivul nostru prospectiv se refera la arhitecturile
orientate pe microservicii (MSA), adica:

elaborarea unei extensii RoaML Tn domeniul modelarii MSA;

proiectarea microserviciilor orientate pe date folosind tehnici eficiente de modularizare a
schemelor de date;

implementarea unui cadru de lucru definit pe o arhitecturd bazata pe modele (MDA) si
adresat unei platforme pentru implementarea schemelor de date distribuite bazata pe
microservicii.

in privinta sistemelor software analitice, obiectivul nostru prospectiv se refera la abordarea
microserviciilor Tn context Data Science/Machine Learning:

analiza implicatiilor tehnicilor Data Science/Machine Learning asupra proceselor de
inginerie/dezvoltare software;

implementarea unui cadru de lucru bazat pe o arhitectura bazata pe modele (MDA) pentru
aplicatii specifice sistemelor analitice, ca extensie a abordarii noastre initiale privind
arhitecturilor software pentru Data Science/Machine Learning.

in privinta curriculei specializérilor Informaticd Economica si Sisteme Informationale pentru
Afaceri/Software Development for Business Information Systems intentionam sa& exploram
fezabilitatea unui discipline Th zona Ingineriei Software care sa abordeze subiecte din domeniul
aplicarii tehnicilor Machine Learning in dezvoltarea de software.



