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Qualora, unicamente a scopo di sintesi, nel presente regolamento sia usata la sola forma maschile, questa e da
intendersi riferita in maniera inclusiva a tutte le persone che operano nell’ambito della comunita stessa.

ART. 1 CARATTERISTICHE DEL CORSO DI STUDIO

Il Corso di studio, erogato in lingua italiana, ad eccezione del curriculum inglese “Intelligent Embedded Systems”, in
modalita convenzionale, € a libero accesso con verifica delle conoscenze.

Il curriculum inglese menzionato in precedenza & a numero programmato a livello locale, in relazione alle risorse
disponibili.

Il numero di studenti iscrivibili e le modalita di svolgimento della selezione saranno resi pubblici ogni anno con il
relativo bando di concorso.

ART. 2 REQUISITI PER L’ACCESSO AL CORSO
Conoscenze richieste per I'accesso e modalita di ammissione

Per essere ammessi al Corso di studio occorre essere in possesso di una laurea, di un diploma universitario di
durata triennale, o di altro titolo di studio conseguito all'estero, riconosciuto idoneo.

Occorre, altresi, il possesso dei seguenti requisiti curriculari:

L-8 — Ingegneria dell'informazione

L-31 — Scienze e tecnologie informatiche,

oppure essere in possesso di una laurea appartenente ad una classe differente da quelle indicate ed

avere acquisito:

almeno 42 CFU complessivi nei settori INFO-01/A (INF/01) e IINF-05/A (ING-INF/05), da MATH-01/A (MAT/01) a
MATH-06/A (MAT/09), PHYS-01/A (FIS/01) PHYS-02/A (FIS/02), PHYS-03/A (FIS/01 e FIS/03), PHYS-04/A (FIS/02 e
FIS/03)

di cui almeno 18 sono di INFO-01/A (INF/01) e IINF-05/A (ING-INF/05).

L'ammissione al corso di laurea magistrale € subordinata all'accertamento dell'adeguata preparazione personale
come qui sottoindicato per ognuno dei curriculum didattici del Corso di Laurea Magistrale.
Nel caso di mancato superamento della verifica, & preclusa l'iscrizione al corso.

CURRICULUM “Dati, Software e Sistemi”

Il curriculum “Dati, Software e Sistemi” & erogato in lingua italiana (con alcuni insegnamenti in lingua inglese), ed
e ad accesso libero. Le domande di iscrizione saranno valutate da apposita Commissione, tramite |'analisi del
curriculum ed eventuale svolgimento di un colloquio secondo le modalita, i criteri e le procedure fissate dal
Consiglio di corso di studio e rese note tramite pubblicazione sul portale di Ateneo.

CURRICULUM “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche”

Il curriculum “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche” & erogato in lingua italiana
(con alcuni insegnamenti in lingua inglese), ed & ad accesso libero. Le domande di iscrizione saranno valutate da
apposita Commissione, tramite |'analisi del curriculum ed eventuale svolgimento di un colloquio secondo le
modalita, i criteri e le procedure fissate dal Consiglio di corso di studio e rese note tramite pubblicazione sul
portale di Ateneo.

Per questo curriculum é richiesto il possesso di un livello di conoscenza della lingua inglese pari ad almeno B2.

CURRICULUM “Intelligent Embedded Systems*“

Il curriculum “Intelligent Embedded Systems” & erogato in lingua inglese, e prevede un numero massimo di
studenti iscrivibili che verra determinato annualmente dal Dipartimento. Le modalita di svolgimento della
selezione, il relativo calendario e la commissione di valutazione sono rese note tramite apposito bando sul sito
web del corso di studio. La Commissione verifica 'adeguatezza della personale preparazione in base alla
documentazione presentata e con colloquio.



Per questo curriculum é richiesto il possesso di un livello di conoscenza della lingua inglese pari ad almeno B2.

All'interno del curriculum “Intelligent Embedded Systems” & attiva la Convenzione di Ateneo con I'EIT Digital
Master School, che prevede il primo anno svolto presso questo corso di laurea magistrale, e il secondo anno
presso una delle universita partner proposte dall’EIT Digital Master School, o viceversa. Gli studenti che intendono
partecipare al programma dell’EIT Digital Master School dovranno presentare la propria candidatura direttamente
all’EIT Digital Master School, seguendo le informazioni pubblicate sul sito web https://masterschool.eitdigital.eu/
e del corso di laurea magistrale. In fase di ammissione, i candidati dovranno soddisfare anche i requisiti
dell’universita partner presso la quale svolgeranno il secondo anno del corso.

Per i curriculum “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche” e “Intelligent embedded
systems”, si stabilisce, in merito al possesso del livello di conoscenza della lingua inglese, che la Commissione
accerta la conoscenza della lingua straniera attraverso:

- certificazioni linguistiche;

- titolo ottenuto nella lingua richiesta;

- idoneita linguistica curriculare in altri cicli;

- Aver sostenuto e superato nella carriera universitaria un esame di lingua inglese di livello pari o superiore al

B2:il livello deve risultare esplicitamente dal titolo dell’esame;

- Aver sostenuto e superato un esame di lingua inglese B2 presso un centro linguistico d’ Ateneo;

- possesso dello status di madrelingua (cioé possedere cittadinanza di un Paese in cui 'inglese figura come

lingua ufficiale)

- Superamento del test OOPT presso il CLA dell'Universita di Bologna o altra istituzione autorizzata;

ART. 3 MODALITA DI SCELTA DEL CURRICULUM DEL CORSO DI STUDIO
Il corso di studio e articolato in curricula.

Lo studente puod effettuare le scelte indicate nel piano didattico, con le modalita indicate nel piano stesso e nei
termini resi noti tramite il Portale di Ateneo.

E consentito il passaggio dal curriculum “Intelligent Embedded Systems" ai due curricula “Dati, Software e Sistemi”
e “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche”.

Il passaggio dai curricula in lingua italiana a quello “Intelligent Embedded Systems" sara consentito solo se sara
soddisfatta la verifica dei requisiti d'accesso e saranno disponibili ancora posti nel curriculum. Nel caso di passaggio
al progetto in convenzione, sara necessaria |'approvazione da parte di EIT Digital.

| passaggi fra i curricula saranno ammessi entro i termini resi noti tramite il Portale di Ateneo.

Il passaggio fra i curriculum “Dati, Software e Sistemi” e “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie
Informatiche” & consentito, ma nel caso di passaggio da “Dati, Software e Sistemi” a “Intelligenza Artificiale:
Fondamenti, Metodi e Tecnologie Informatiche”, gli studenti dovranno assolvere il requisito linguistico previsto,
secondo le modalita indicate all’articolo 2.

ART. 4 PIANI DI STUDIO INDIVIDUALI

E prevista la possibilita di presentazione di piani di studio individuali con le modalita, i criteri e i termini resi noti
tramite il Portale di Ateneo.

| piani di studio individuali, approvati dal Consiglio di corso di studi, non possono comunque prescindere dal
rispetto dell’'ordinamento didattico.

Qualora il piano di studio preveda la scelta di attivita formative attivate presso corsi di studio a numero
programmato, I'ammissione alle stesse deve essere previamente approvata anche dal Consiglio di corso di studio a
numero programmato sulla base di criteri da questo preventivamente individuati.


https://masterschool.eitdigital.eu/

ART. 5 MODALITA DI SVOLGIMENTO DELLE ATTIVITA FORMATIVE E TIPOLOGIA DELLE FORME
DIDATTICHE

Il piano didattico allegato indica le modalita di svolgimento delle attivita formative e la relativa suddivisione in ore
di didattica frontale, di esercitazioni pratiche o di tirocinio, nonché la tipologia delle forme didattiche.

Eventuali ulteriori informazioni in merito saranno rese note annualmente sul sito di corso.

ART. 6 FREQUENZA E PROPEDEUTICITA

L'obbligo di frequenza alle attivita didattiche & indicato nel piano didattico allegato, cosi come le eventuali
propedeuticita delle singole attivita formative.

Le modalita e la verifica dell’obbligo di frequenza, ove previsto, sono stabilite annualmente dal Corso di Studio in
sede di presentazione della programmazione didattica e rese note agli studenti prima dell’inizio delle lezioni
tramite il Portale di Ateneo.

ART. 7 PERCORSO A TEMPO PARZIALE E PERCORSO BREVE

Lo studente ha la possibilita di completare il Corso di studio con modalita flessibile in un tempo inferiore (percorso
breve) o superiore alla durata normale (percorso a tempo parziale).

Le attivita formative previste dal percorso di studio, in caso di necessaria disattivazione, potranno essere sostituite,
per garantire la qualita e la sostenibilita dell’offerta didattica.

Il percorso flessibile non & disponibile per gli studenti del curriculum in Intelligent Embedded Systems in
convenzione con I'EIT Digital.

ART. 8 PROVE DI VERIFICA DELLE ATTIVITA FORMATIVE

Il piano didattico prevede i casi in cui le attivita formative si concludono con un esame con votazione in trentesimi
oppure con un giudizio di idoneita.

Le modalita di svolgimento delle verifiche sono stabilite annualmente dal Consiglio di Corso di studio e rese note
agli studenti prima dell’inizio delle lezioni nei programmi degli insegnamenti pubblicati sul sito del Corso.

Sono previsti almeno 6 appelli per le verifiche distribuiti nell’arco dell’anno solare, distanziati 'uno dall’altro non
meno di 15 giorni.

ART. 9 ATTIVITA FORMATIVE A SCELTA DALLO STUDENTE

Lo studente puo scegliere tra le attivita formative attivate in Ateneo purché coerenti con il percorso formativo.

Il corso di studio considera coerenti con il progetto formativo tutte le attivita formative attivate in Ateneo.
Se lo studente sceglie un’attivita formativa diversa da quelle considerate coerenti, secondo i sopraddetti criteri
predeterminati, deve fare richiesta al Consiglio di Corso di studio nei termini previsti annualmente e resi noti
tramite il sito del Corso.

Il Consiglio valutera la coerenza della scelta con il percorso formativo dello studente.

ART. 10 CRITERI DI RICONOSCIMENTO DEI CREDITI ACQUISITI IN ALTRI CORSI DI STUDIO

| crediti formativi universitari acquisiti in altri corsi di studio di Atenei italiani o esteri sono riconosciuti dal Consiglio
di Corso di studio fino a concorrenza dei crediti dello stesso settore scientifico disciplinare previsti dall’ordinamento
didattico del Corso di studio, nel rispetto dei relativi ambiti scientifico disciplinari e della tipologia delle attivita
formative

Il riconoscimento dei crediti avviene sulla base dei seguenti criteri:

-analisi del programma svolto;

-valutazione della congruita dei settori scientifico disciplinari e dei contenuti delle attivita formative in cui lo
studente ha maturato i crediti con gli obiettivi formativi specifici del Corso di studio e delle singole attivita
formative da riconoscere, perseguendo comungque la finalita di mobilita degli studenti.
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| crediti formativi universitari acquisiti in Corsi di studio della stessa classe sono riconosciuti per non meno della
meta.

Qualora, effettuati i riconoscimenti in base alle norme del presente Regolamento, residuino crediti non utilizzati, il
Consiglio di Corso di studio puo riconoscerli valutando il caso concreto sulla base delle affinita didattiche e culturali.

ART. 11 CRITERI DI RICONOSCIMENTO DELLE CONOSCENZE E ABILITA EXTRAUNIVERSITARIE

Possono essere riconosciute conoscenze e abilita extrauniversitarie nei casi previsti dalla normativa vigente. La
richiesta di riconoscimento sara valutata dal Consiglio di Corso di studio tenendo conto del numero massimo di
crediti riconoscibili fissato nell’ordinamento didattico del Corso.

Il riconoscimento potra avvenire qualora I'attivita sia ritenuta coerente con gli obiettivi formativi specifici del Corso
di studio.

ART. 12 TIROCINIO CURRICULARE

Il Corso di studio prevede, su richiesta dello studente, la possibilita di svolgere un tirocinio curriculare collegato alla
preparazione della prova finale da svolgersi secondo le procedure stabilite dal Regolamento generale tirocini di
Ateneo e dai programmi internazionali di mobilita.

ART. 13 PROVA FINALE

a. Caratteristiche della prova finale

La prova finale di laurea per il conseguimento della laurea magistrale prevede la stesura e discussione pubblica di
una tesi scritta ed elaborata in modo originale dallo studente, sotto la guida di un relatore, su un argomento
coerente con gli obiettivi del corso di studio, relativa ad una importante attivita di progettazione, di ricerca o di
analisi di caso, che dimostri la padronanza degli argomenti sul piano teorico e applicativo, nonché capacita di
operare in modo autonomo e capacita di comunicazione. Le attivita relative a tale prova possono svolgersi in
parte all'interno di tirocini e stage.

b. Modalita dello svolgimento della prova finale

La prova finale e costituita dall'esposizione e dalla discussione di una Tesi di Laurea Magistrale, che rappresenti
una significativa attivita di progettazione o di ricerca sperimentale o teorica. La discussione della tesi prevede la
presentazione di un elaborato con contenuti originali scritta in forma di trattato, elaborata in modo originale dallo
studente, sotto la guida di un relatore, che dimostri la capacita del laureando di lavorare in modo autonomo, la
sua piena padronanza degli strumenti culturali propri dell'informatica e la sua capacita di comunicazione. Lo
studente sceglie I'argomento della tesi, di norma, in un settore scientifico disciplinare tra quelli previsti dal
Regolamento Didattico del Corso di Studio, e ne concorda lo svolgimento con un relatore, che di norma € un
docente del Corso di Studio. Eventuali ulteriori dettagli sulle modalita di assegnazione dell'argomento
dell'elaborato, sullo svolgimento delle relative attivita, che potrebbero in parte essere svolte in azienda o in una
istituzione (azienda o universita) all’estero, nonché sulla definizione del relatore possono essere precisati dal
Consiglio di Corso di Studio. La discussione della tesi & pubblica ed e sostenuta di fronte alla Commissione di
Laurea nominata dal Consiglio di Corso di Studio o da suo delegato, con le modalita e nella composizione previste
dal Regolamento Didattico di Ateneo.

Gli studenti iscritti al curriculum “Intelligent Embedded Systems" in convenzione con I'EIT Digital dovranno
svolgere la tesi presso la sede straniera di svolgimento del secondo anno, presso I’Ateneo se hanno svolto il loro
primo anno presso una sede straniera.

* %k %

La Commissione Paritetica docenti-studenti ha espresso parere favorevole sulla coerenza dei crediti assegnati alle
singole attivita formative e gli specifici obiettivi formativi programmati previsti dal piano didattico, ai sensi
dell’articolo 12 comma 3 del DM 270/04 e ss.mm.ii.
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Whenever, purely as a simplification, the current document presents the only masculine form, it is intended to be
inclusive of every person working within the community.

ART. 1 CHARACTERISTICS OF THE DEGREE PROGRAMME

The Degree Programme is taught in Italian, with the exception of the English-taught curriculum “Intelligent
Embedded Systems”. It is offered in conventional mode and is open access, subject to the assessment of applicants’
personal preparation.

The above-mentioned English-taught curriculum has a locally restricted access, in accordance with the available
resources.

The number of students admitted and the selection procedures shall be published annually in the relevant Call for
Applications.

ART. 2 ADMISSION REQUIREMENTS
Required knowledge for admission and admission procedures

In order to be admitted to the Degree Programme, applicants must hold a Bachelor’s degree, a three-year
university diploma, or another qualification obtained abroad and recognised as suitable.

Applicants must also meet the following curricular requirements:
e L-8 - Computer Engineering
e L-31—Computer Science Technologies
or hold a degree belonging to a class other than those listed above and have acquired:

at least 42 ECTS credits in the scientific-disciplinary sectors INFO-01/A (INF/01) e IINF-05/A (ING-INF/05), from
MATH-01/A (MAT/01) to MATH-06/A (MAT/09), PHYS-01/A (FIS/01), PHYS-02/A (FIS/02), PHYS-03/A (FIS/01 and
FIS/03) and PHYS-04/A (FIS/02 e FIS/03)

of which at least 18 ECTS must be in INFO-01/A (INF/01) and IINF-05/A (ING-INF/05).

Admission to the Master’s Degree Programme is subject to the assessment of the adequacy of the applicants’
personal preparation, as specified below for each curriculum of the Programme.

Failure to pass the assessment precludes enrolment in the Programme.

Curriculum “Dati, Software e Sistemi”

“Dati, Software e Sistemi” curriculum is taught in Italian (with some courses delivered in English) and is open-
access.

Applications shall be assessed by a designated Admission Board, through the evaluation of the applicant’s academic
curriculum and, where applicable, an interview, in accordance with the procedures, criteria and modalities
established by the Degree Programme Board and published on the University portal.

Curriculum “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche”

The “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche” curriculum is taught in Italian (with
some courses delivered in English) and is open-acces.

Applications shall be assessed by a designated Admission Board, through the evaluation of the applicant’s academic
curriculum and, where applicable, an interview, in accordance with the procedures, criteria and modalities
established by the Degree Programme Board and published on the University website.

For this curriculum, applicants are required to demonstrate English language proficiency at a minimum B2 level.



Curriculum “Intelligent Embedded Systems”

The “Intelligent Embedded Systems” is taught in English and has locally restricted access, which is determined
annually by the Department.

The selection procedures, the selection timetable and the Admission Board shall be published in a specific Call for
Applications on the Degree Programme website.

The Committee assesses the adequacy of the applicant’s personal preparation on the basis of the submitted
documentation and through an interview.

For this curriculum, applicants are required to demonstrate English language proficiency at a minimum B2 level.

Within the “Intelligent Embedded Systems” curriculum, the University Agreement with the EIT Digital Master
School is in place. This programme provides for the first year to be completed within this Master’s Degree
Programme and the second year at one of the partner universities proposed by the EIT Digital Master School, or
vice versa.

Students wishing to participate in the EIT Digital Master School programme must submit their application directly
to the EIT Digital Master School in accordance with the information published on the EIT Digital Master School
website  https://masterschool.eitdigital.eu/ and on the Master's Degree Programme website.
At the admission stage, applicants must also meet the requirements of the partner university at which they will
complete the second year of the programme.

For the curriculum “Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche” and “Intelligent
Embedded Systems” curricula, the Admission Committee shall assess English language proficiency through one or
more of the following:

e recognised language certifications;
e adegree awarded in the required language;
e curricular language qualification obtained in previous degree cycles;

e having passed a university English language examination at B2 level or higher, where the level is explicitly
stated in the course title;

e having passed a B2-level English examination at a University Language Centre;
e native speaker status (i.e. citizenship of a country in which English is an official language);

e passing the OOPT test at the Language Centre of the University of Bologna or at another authorised
institution.

ART. 3 PROCEDURES FOR THE CHOICE OF CURRICULUM
The Degree Programme is structured into different curricula.

Students may make the choices indicated in the course structure, in accordance with the procedures set out
therein and within the deadlines published on the University Portal.

Transfer from the “Intelligent Embedded Systems” curriculum to the “Dati, Software e Sistemi” and “Intelligenza
Artificiale: Fondamenti, Metodi e Tecnologie Informatiche” curricula is permitted.

Transfer from the Italian-taught curricula to the “Intelligent Embedded Systems” curriculum shall be permitted only
subject to the verification of the admission requirements and availability of places within the curriculum. In the


https://masterschool.eitdigital.eu/
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case of transfer to the joint programme offered under the EIT Digital agreement, approval by EIT Digital shall also
be required.

Transfers between curricula shall be permitted within the deadlines published on the University Portal.

Transfer between the “Dati, Software e Sistemi” and ”Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie
Informatiche” curricula is permitted; however, in the case of transfer from “Dati, Software e Sistemi” to
“Intelligenza Artificiale: Fondamenti, Metodi e Tecnologie Informatiche”, students must fulfil the English language
requirement set out in Art. 2, in accordance with the procedures specified therein.

ART. 4 INDIVIDUAL STUDY PLANS

The submission of individual study plans is permitted, in accordance with the procedures, criteria and deadlines
published on the University Portal.

Individual study plans, once approved by the Degree Programme Board, must in any case comply with the
provisions of the degree programme regulations.

Where an individual study plan includes educational activities offered by degree programmes with restricted
access, admission to such activities must also be approved in advance by the Board of the restricted access degree
programme, on the basis of criteria previously established by that Board.

ART. 5 LEARNING ACTIVITIES MODALITIES AND TYPES OF TEACHING METHODS

The attached course structure diagram includes all the learning activities, their division into hours of classroom. The
course structure diagram also specifies types of teaching methods: lectures, practical exercises or internship.

Any further information will be published on the University portal on a yearly basis.

ART. 6 ATTENDANCE AND COURSE UNIT PREREQUISITES

Details about the attendance methods (compulsory attendance or free attendance) are included in the attached
course structure diagram, together with any needed prerequisites for each teaching unit. The methods for the
compulsory attendance and any verification thereof are established on a yearly basis by the Degree programme
Board during the submission of the course structure diagram. All these pieces of information are sent to students
through publication on the University Website before classes start.

ART. 7 PART-TIME STUDENT STATUS AND SHORT STUDY PATH

Students may complete the Degree Programme through a flexible study path, either in a shorter period than the
standard duration (short study path) or in a longer period (part-time student status).

Where necessary, the educational activities included in the study path may be replaced in the event of their
deactivation, in order to ensure the quality and sustainability of the educational offer.

The part time study path is not available to students enrolled in the “Intelligent Embedded Systems” curriculum
offered under the agreement with EIT Digital.

ART. 8 ASSESSMENT OF LEARNING ACTIVITIES

The attached course structure diagram indicates all cases in which the learning activities includes an exam to be
taken at the end of the course unit. Exams can be marked with a score out of 30 or with simple “pass”/ ID (Italian
acronym for “idoneo”: eligible). The assessment methods (oral, written or practical exam or any combination
thereof; individual or group exams) are laid down annually by the Degree Programme Board during the
presentation of the teaching planning phase. Students will be notified of these methods through the University
portal before the beginning of the classes.
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At least six examination sessions shall be scheduled throughout the calendar year, with an interval of no less than
15 days between each session.

ART. 9 ELECTIVE LEARNING ACTIVITIES

Students may choose among the learning activities offered by the University, provided that they are consistent with
the study path.The Degree Programme considers all learning activities offered by the University to be consistent
with the educational project.

If a student chooses an educational activity other than those considered consistent according to the above-
mentioned predetermined criteria, the student must submit a request to the Degree Programme Board within the
deadlines established annually and published on the Degree Programme website.

The Board shall assess the consistency of the chosen activity with the student’s study path.

ART. 10 - CRITERIA FOR THE RECOGNITION OF CREDITS ACQUIRED IN OTHER DEGREE PROGRAMMES

University credits (ECTS) acquired in other degree programmes at Italian or foreign universities may be recognised
by the Degree Programme Board up to the limit of the credits provided in the same scientific-disciplinary sector by
the Degree Programme regulations, in compliance with the relevant scientific-disciplinary areas and the types of
educational activities.

Credit recognition is carried out according to the following criteria:
e analysis of the programme content completed;

e evaluation of the alignment between the scientific-disciplinary sectors and the content of the educational
activities in which the student acquired the credits, and the specific learning objectives of the Degree
Programme and of the individual activities to be recognised, while also supporting the goal of student
mobility.

Credits acquired in degree programmes of the same class are recognised for no less than half of the corresponding
credits.

Where, following the recognition of credits in accordance with this Regulation, unused credits remain, the Degree
Programme Board may recognise them on a case-by-case basis, taking into account the educational and cultural
affinities.

ART. 11 - CRITERIA FOR THE RECOGNITION OF EXTRA-UNIVERSITY KNOWLEDGE AND SKILLS

Extra-university knowledge and skills may be recognised in cases provided for by the current legislation.
Requests for recognition shall be assessed by the Degree Programme Board, taking into account the maximum
number of credits that can be recognised, as established in the Degree Programme regulations.

Recognition may be granted provided that the activity is considered consistent with the specific learning
objectives of the Degree Programme.

ART. 12 — CURRICULAR INTERNSHIP

The Degree Programme provides, upon the student’s request, the possibility to undertake a curricular internship
connected to the preparation of the final examination, to be carried out in accordance with the procedures
established by the University’s General Internship Regulations and by international mobility programmes.

ART. 13 — FINAL EXAMINATION

a. Final Examination features

The final examination consists in writing and defending a Master Programme Degree dissertation. Students will be
supervised by a professor. Dissertation can be about a project activity, experimental research or a theoretical
research. Through this work, students must prove that they can work autonomously, that they can fully master
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the topics related to information technology as well as their communication skills.
Activities related to dissertation can also take place during internship experiences.

c. Final Examination modalities

The final examination consists in writing and defending a Master Programme Degree dissertation. Dissertation
can be about a project activity, experimental research or a theoretical research. In order to defend their
dissertation, students will have to write a paper in an essay form. Contents must be authentic. Students will be
supervised by a professor. Through this work, students must prove that they can work autonomously, that they
can fully master the topics related to the information technology as well as their communication skills. According
to a general rule, the student would choose the topic for his/her dissertation among the subject groups (SSD)
shown in the Degree Programme Teaching Regulations. The student will be supervised by a Professor being part
of the teaching staff of the Master Degree Programme. Any further details about the decision of the dissertation
topic, the activities the student would do during his/her dissertation work, as well as about the supervisor choice
can be defined by the Degree Programme Board. The dissertation shall be based on a topic that is consistent with
the Programme learning outcomes. Students will defend their dissertation publicly, in front of the Dissertation
Board, which will be appointed by the Degree Programme Board or a representative appointed by the Board. The
Dissertation Board will be appointed in compliance with the methods and the criteria included in the University
Teaching Regulations. Students enrolled in the Intelligent Embedded Systems curriculum — EIT track will have to
manage and defend their dissertation in the foreign partner university they would choose for their second year.
Students attending their second year in Alma Mater Studiorum will defend their dissertation in Alma Mater.

%k %k %k
In accordance with the Italian Law “Decreto Ministeriale - DM 270/04”, article 12, paragraph no.3, the Faculty-

student joint Committee expressed its favourable opinion on the coherence between the credits established for
each learning activity and its planned learning outcomes.
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Classe LM-18-INFORMATICA
Classe 2 LM-32-INGEGNERIA INFORMATICA
Corso 6699-INGEGNERIA E SCIENZE INFORMATICHE

CURRICULUM INTELLIGENT EMBEDDED SYSTEMS (C17)

Primo Anno di Corso

Gruppo: Compulsory courses

TAF: Ambito: TAF seconda classe: Ambito seconda classe:
Cfu min: Cfu max:
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELLIN FREQ. VER.
6699 000 000 87474 - 1 - DISTRIBUTED SYSTEMS ING-INF/05 IINF-05/A 6 40/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: At the end of the course, students got acquainted with the fundamental issues of distributed systems, the computational models capturing their essence, and the technologies currently helping facing them in
the most systematic and effective way. In particular, students become familiar with the fittest solutions, technologies, architectures, and methodologies to design distributed systems, and is capable of

devising out the most critical aspects of distributed systems coming from physical distribution

determining the most proper methodological approaches

selecting the fittest technologies for implementing the solutions detected

Obiettivi inglese: At the end of the course, students got acquainted with the fundamental issues of distributed systems, the computational models capturing their essence, and the technologies currently helping facing
them in the most systematic and effective way. In particular, students become familiar with the fittest solutions, technologies, architectures, and methodologies to design distributed systems, and is capable of
devising out the most critical aspects of distributed systems coming from physical distribution

determining the most proper methodological approaches

selecting the fittest technologies for implementing the solutions detected

6699 000 000 C8644 - 1 - CONCURRENT SYSTEMS ING-INF/05 IINF-05/A 6 32/0/28/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: The course introduces the principles, methods and techniques concerning design and development of concurrent software systems. Upon completing this course, a student will know:

- how to model the execution of a concurrent software system and how to specify and verify properties

- how to design concurrent software systems, in particular the main architectures and methods

- how to program concurrent software systems, adopting different concurrent programming techniques and paradigms: multi-threaded programming, asynchronous and reactive programming, task-oriented
programming, message-based communication models, actor-based programming

- how to program concurrent distributed systems: distributed algorithms, distributed-object computing, service-oriented computing.
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Obiettivi inglese: The course introduces the principles, methods and techniques concerning design and development of concurrent software systems. Upon completing this course, a student will know:

- how to model the execution of a concurrent software system and how to specify and verify properties

- how to design concurrent software systems, in particular the main architectures and methods

- how to program concurrent software systems, adopting different concurrent programming techniques and paradigms: multi-threaded programming, asynchronous and reactive programming, task-oriented
programming, message-based communication models, actor-based programming

- how to program concurrent distributed systems: distributed algorithms, distributed-object computing, service-oriented computing.

6699 000 000 93470 - 1 - CYBERSECURITY ING-INF/05 IINF-05/A 6 52/0/0/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: At the end of the course, the student knows the basic principles of computer security and he/she is able to identify the main problems of computer and network security. He/she gets to understand and
explain the main protocols and mechanisms used for securing communications and data transfer. He/she is able to perform a critical evaluation of the security of a computing infrastructure and to suggest the best
countermeasures to mitigate the vulnerabilities, reduce the risk and increase the resilience to attacks. He/she is also capable of contributing to the design of systems that are secure by design and understanding the
basic problems of computer forensics. Finally, he/she is able to design and contribute to the enhancement of the security of devices exposed to the Internet.

Obiettivi inglese: At the end of the course, the student knows the basic principles of computer security and he/she is able to identify the main problems of computer and network security. He/she gets to understand
and explain the main protocols and mechanisms used for securing communications and data transfer. He/she is able to perform a critical evaluation of the security of a computing infrastructure and to suggest the best
countermeasures to mitigate the vulnerabilities, reduce the risk and increase the resilience to attacks. He/she is also capable of contributing to the design of systems that are secure by design and understanding the
basic problems of computer forensics. Finally, he/she is able to design and contribute to the enhancement of the security of devices exposed to the Internet.

6699 000 000 B5722 - 2 - EMBEDDED SENSORS ING-INF/05 [INF-05/A 6 60/0/0/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: At the end of the course, the student acquires the knowledge for understanding and using electronic sensors. In particular, the student learns to analyze the main issues related to sensing and to interpret
data from sensors for subsequent data and signal processing. Through concrete design examples, the tools are focused on the need for continuous technological development to meet the growing requirements of
design in the fields of computer science and ICT infrastructure. Subsequently, the student will be able to learn the main implementation techniques of sensors by combining previous knowledge of computer systems
with some concepts of electronic design that will be introduced in the course.

Obiettivi inglese: At the end of the course, the student acquires the knowledge for understanding and using electronic sensors. In particular, the student learns to analyze the main issues related to sensing and to
interpret data from sensors for subsequent data and signal processing. Through concrete design examples, the tools are focused on the need for continuous technological development to meet the growing
requirements of design in the fields of computer science and ICT infrastructure. Subsequently, the student will be able to learn the main implementation techniques of sensors by combining previous knowledge of
computer systems with some concepts of electronic design that will be introduced in the course.

6699 000 000 96859 - 1 - EMBEDDED SYSTEMS AND INTERNET OF THINGS ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: The course introduces the concepts, methods and techniques concerning design and programming of embedded software, i.e. software for embedded systems, focusing in particular on an Internet of Things
(IoT) perspective. More in detail, upon completing this course a student will have:

- a general background about embedded systems, including Cyber-Physical Systems and Internet-of-Things (10T);

- basic knowledge about the hardware of embedded systems, from microcontrollers to SoC (System-on-a Chip), sensors, actuators, wired/wireless communication technologies and protocols;

- basic knowledge about real-time operating systems, their organisation and scheduling techniques

- solid knowledge about embedded software design and programming techniques, to deal with aspects related to real-time, reactivity, concurrency, and about main models adopted for that purpose (finite state
machines - time triggered and event triggered, tasks and their scheduling);

- knowledge about design and programming embedded software systems for mobile and wearable computing;

- basic knowledge about main aspects and issues concerning Internet of Things and the organisation and architecture of 0T systems;

- the capability of developing embedded system & 10T projects, involving the design and programming of embedded software for microcontrollers or SoC based architectures, and their integration/communication with
applications running on mobile devices and with services/backends on the server side.

Obiettivi inglese: The course introduces the concepts, methods and techniques concerning design and programming of embedded software, i.e. software for embedded systems, focusing in particular on an Internet of
Things (IoT) perspective. More in detail, upon completing this course a student will have:

- a general background about embedded systems, including Cyber-Physical Systems and Internet-of-Things (10T);

- basic knowledge about the hardware of embedded systems, from microcontrollers to SoC (System-on-a Chip), sensors, actuators, wired/wireless communication technologies and protocols;

- basic knowledge about real-time operating systems, their organisation and scheduling techniques

- solid knowledge about embedded software design and programming techniques, to deal with aspects related to real-time, reactivity, concurrency, and about main models adopted for that purpose (finite state

Pagina 2 di 45 13/04/2026 Regolamento Didattico



R_egolamento Didattico di Corso di Studio Universita deg_;li Studi di Bologn_a

machines - time triggered and event triggered, tasks and their scheduling);

- knowledge about design and programming embedded software systems for mobile and wearable computing;

- basic knowledge about main aspects and issues concerning Internet of Things and the organisation and architecture of 0T systems;

- the capability of developing embedded system & IoT projects, involving the design and programming of embedded software for microcontrollers or SoC based architectures, and their integration/communication with
applications running on mobile devices and with services/backends on the server side.

Note: The “Embedded systems and Internet of things” course unit will be replaced by the “Intelligent robotic systems” one in the 1st year-study plan of graduate students in “Ingegneria e Scienze Informatiche — Laurea
triennale” (Computer Science and Engineering — First cycle degree programme — code 8615), who already took and passed the “Embedded systems and Internet of things” course unit exam.

6699 000 000 95622 - 1 - FUNDAMENTALS OF MANAGEMENT AND ORGANIZATION (1.C) 12 Voto
Modulo integrato: 79252 - FUNDAMENTALS OF MANAGEMENT SECS-P/10 ECON-08/A 6 30/0/0/0 No

Ambito: 1144 - Attivita' formative affini o integrative c

Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: The goal of this course is to provide students with a framework of the core concepts of firms’ management. Through the learning of the course content, students will gain fundamental knowledge and skills for
management and will develop analytical and critical thinking skills. By the end of the course students will understand the main management problems, learn about strategic decision management, and will are able to
apply tools and techniques useful to support management's processes. Specifically, the learning objectives for students are:

o To acquire knowledge of key principles of management and be able to critically apply this knowledge to the analysis of case studies

o To understand and apply a selected management topic to a real organizational setting

o To be able to discuss with others the key management principles and showing application of knowledge to case study material

Obiettivi inglese: The goal of this course is to provide students with a framework of the core concepts of firms’ management. Through the learning of the course content, students will gain fundamental knowledge and
skills for management and will develop analytical and critical thinking skills. By the end of the course students will understand the main management problems, learn about strategic decision management, and will are
able to apply tools and techniques useful to support management's processes. Specifically, the learning objectives for students are:

0 To acquire knowledge of key principles of management and be able to critically apply this knowledge to the analysis of case studies

o To understand and apply a selected management topic to a real organizational setting

o To be able to discuss with others the key management principles and showing application of knowledge to case study material

Modulo integrato: 96101 - ORGANIZATION, TEAMS AND DIGITAL LEADERSHIP SECS-P/10 ECON-08/A 6 30/0/0/0 No
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: At the end of this course students know the basics of organizations' design, how to build, manage and motivate work teams, both physically available and online. Students can make use of conceptual and
computational models to manage and understand distributed intelligence.

Obiettivi inglese: At the end of this course students know the basics of organizations' design, how to build, manage and motivate work teams, both physically available and online. Students can make use of
conceptual and computational models to manage and understand distributed intelligence.

6699 000 000 C8664 - 2 - LABORATORY OF NETWORK SECURITY AND PROGRAMMABILITY ING-INF/05 IINF-05/A 6 20/0/40/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure. The
student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance network
monitoring tasks with the scope to guarantee network security and integrity.

Obiettivi inglese: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure.
The student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance
network monitoring tasks with the scope to guarantee network security and integrity.

Gruppo: Elective Courses
TAF: D Ambito: 1008 - A scelta dello studente TAF seconda classe: D Ambito seconda classe: A scelta dello studente
Cfu min: 6 Cfu max: 6

Note: Students enrolled within the EIT Agreement must choose the teaching activity “Fundamentals of Accounting”, whereas the students not enrolled within the agreement can choose between the teaching activities
indicated below, and among those included in the University courses catalogue.
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Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/ELLIN FREQ. VER.
6699 000 000 B0O009 - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smart cities, and large loT systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).

The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the desigh methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the desigh methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 37388 - 2 - ENTREPRENEURSHIP SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:
Obiettivi: At the end of this course the student will: - comprehend the role and the function of entrpreneurship with a specific focus on the potential of digital and new technologies in business venturing and business

innovation; -be able to indentify, evaluate, and select effective business idea and business opportunities; - be able to deploy business idea and model into a business plan; be able to design and write a business
plan; - acquire the basic knowledge for stimluating, coordinating and controlling corporate venture iniaitives

Obiettivi inglese: At the end of this course the student will: - comprehend the role and the function of entrpreneurship with a specific focus on the potential of digital and new technologies in business venturing and
business innovation; -be able to indentify, evaluate, and select effective business idea and business opportunities; - be able to deploy business idea and model into a business plan; be able to design and write a
business plan; - acquire the basic knowledge for stimluating, coordinating and controlling corporate venture iniaitives
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6699 000 000 95626 - 1 - FUNDAMENTALS OF ACCOUNTING SECS-P/07 ECON-06/A 6 30/0/0/0 No Voto

Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe:

Obiettivi: This course is designed to provide students with a solid basis of accounting. At the end of the course students are able (a) to understand the difference between accrual accounting and cash flows; (b) to
understand the nature of the information on the income statement, the balance sheet, and the statement of cash flows; (c) to know the basics of management accounting and cost analysis.

Obiettivi inglese: This course is designed to provide students with a solid basis of accounting. At the end of the course students are able (a) to understand the difference between accrual accounting and cash flows;
(b) to understand the nature of the information on the income statement, the balance sheet, and the statement of cash flows; (c) to know the basics of management accounting and cost analysis.

6699 000 000 81934 - 2 - HUMAN COMPUTER INTERACTION ING-INF/05 IINF-05/A 6 24/0/30/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;

- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

Obiettivi inglese: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

6699 000 000 95640 - 2 - INNOVATION STRATEGY SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course the student:

- Understands Business Ecosystems that encompasses several Industries;

- Discusses the management of emerging (and often disruptive) technologies;

- Recognises the dynamics of multi-sided markets, platforms and business ecosystems;

- Develops Scenario Plans for Business Ecosystems, analyse its impacts on new and existing companies and formulate corresponding strategies.

Obiettivi inglese: At the end of the course the student:

- Understands Business Ecosystems that encompasses several Industries;

- Discusses the management of emerging (and often disruptive) technologies;

- Recognises the dynamics of multi-sided markets, platforms and business ecosystems;

- Develops Scenario Plans for Business Ecosystems, analyse its impacts on new and existing companies and formulate corresponding strategies.

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in
the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.
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6699 000 000 C9145 - 2 - MACHINE LEARNING AND DATA MINING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto

Ambito: B

Ambito seconda classe:

Obiettivi: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

Obiettivi inglese: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

6699 000 000 96098 - 1 - MARKETING, SALES AND PLATFORMS FOR THE DIGITAL AGE SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D

Ambito seconda classe:

Obiettivi: At the end of the course, the student knows the way in which marketing is understood and thought up to the digital age that has brought the proliferation of channels and technologies which in turn have
radically changed the context in which marketers find themselves operating.

The student acquires the new marketing skills: data and analytics, customer experience, content, omni-channels and personalization.

The students knows the details of Digital Platforms and underlying reasons for adopting them in a business environment and the strategic and innovative technical details as microservices and APl management to
have a full picture of the key features that make a digital platform really valuable and effective for an organization. Moreover, the student acquires the key capabilities of an omnichannel platform and the standard tools
used to select software and solutions the best fit a specific application. Playing with a high-level general-purpose solution (IFTTT) the student understands how much easy is to create new services on top of open
platforms. At the end, the student knows platform business model fundamentals to have a full understanding of what make a digital platform a digital business ecosystem.

Obiettivi inglese: At the end of the course, the student knows the way in which marketing is understood and thought up to the digital age that has brought the proliferation of channels and technologies which in turn
have radically changed the context in which marketers find themselves operating.

The student acquires the new marketing skills: data and analytics, customer experience, content, omni-channels and personalization.

The students knows the details of Digital Platforms and underlying reasons for adopting them in a business environment and the strategic and innovative technical details as microservices and APl management to
have a full picture of the key features that make a digital platform really valuable and effective for an organization. Moreover, the student acquires the key capabilities of an omnichannel platform and the standard tools
used to select software and solutions the best fit a specific application. Playing with a high-level general-purpose solution (IFTTT) the student understands how much easy is to create new services on top of open
platforms. At the end, the student knows platform business model fundamentals to have a full understanding of what make a digital platform a digital business ecosystem.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.
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6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:
Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence

challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of
modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the
application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

6699 000 000 BOO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.
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Qualsiasi attivita dell’Ateneo (010)

Ambito:
Ambito seconda classe:

Universita degli Studi di Bologn_a

Gruppo: Elective Courses of the guided choice

TAF: F Ambito: 1147 - Altre conoscenze utili per TAF seconda classe: F  Ambito seconda classe: Altre conoscenze utili per I'inserimento nel mondo

Cfu min: 6 Cfu max: 6
Note: Students enrolled within the EIT Agreement must choose the teaching activity “Applications of Digital Innovation”, whereas the students not enrolled within the agreement must choose the teaching activity “Industry”.

Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/E/LIN FREQ. VER.

6 0/0/150/0 No Giudizio

6699 000 000 96858 - 1 - APPLICATIONS OF DIGITAL INNOVATION

Ambito: 1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoro F
Ambito seconda classe:

Obiettivi: Project work to foster the ability to perform a business development process by means of digital innovation and transformation in the context of a societal relevant thematic area. Understand the process to

transform new innovations into viable business solutions on the commercial market as well reflect upon ethical, societal, scientific and sustainability considerations when developing new products/technologies and
business models.

Obiettivi inglese: Project work to foster the ability to perform a business development process by means of digital innovation and transformation in the context of a societal relevant thematic area. Understand the

process to transform new innovations into viable business solutions on the commercial market as well reflect upon ethical, societal, scientific and sustainability considerations when developing new
products/technologies and business models.

6699 000 000 95639 - 2 - INDUSTRY 4.0

Ambito:
Ambito seconda classe:

Obiettivi: The general objective of this course is to provide the general conceptual and technological framework that characterise Industry 4.0, focusing in particular on Internet of Things (IoT), Industrial loT and
Computer Vision and their application in digital transformation contexts.

At the end of the course, a student:
- has a global understanding about the big picture related to Industry 4.0

- knows the main principles, technologies and standards about Internet of Things (IoT) and Industrial 10T, integrated with contents delivered by other courses (e.g. service oriented architectures, API, web, cloud)
- knows some main state-of-the art directions in this context.

ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto
1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoro F

Examples are Web of Things, Digital Twins

- knows the main application domains and concrete case studies concerning the application of loT and Industrial loT

- knows the main topics in the field of computer vision (e.g. object detection and classification) and their applications

- knows state-of-the art approaches and technologies in the context of computer vision, with reference to both classic techniques for image representation and deep learning based solutions
- is able to analyse and evaluate the application of the models and technologies, as well as to build projects and prototype technologies, given a Digital Transformation context/problem

- understands the technical and business vocabulary and the core topics revolving around 10T and Industry 4.0

- is able to effectively read and understand technical and specific papers and studies on loT and Industry 4.0, to fluently discuss related topics in a technical and professional environment, and to deliver the focus
information in a clear and fluent manner also laying down explicative texts.

Obiettivi inglese: The general objective of this course is to provide the general conceptual and technological framework that characterise Industry 4.0, focusing in particular on Internet of Things (loT), Industrial 10T
and Computer Vision and their application in digital transformation contexts.

At the end of the course, a student:
- has a global understanding about the big picture related to Industry 4.0
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- knows the main principles, technologies and standards about Internet of Things (IoT) and Industrial 10T, integrated with contents delivered by other courses (e.g. service oriented architectures, API, web, cloud)
- knows some main state-of-the art directions in this context.

Examples are Web of Things, Digital Twins

- knows the main application domains and concrete case studies concerning the application of loT and Industrial loT

- knows the main topics in the field of computer vision (e.g. object detection and classification) and their applications

- knows state-of-the art approaches and technologies in the context of computer vision, with reference to both classic techniques for image representation and deep learning based solutions

- is able to analyse and evaluate the application of the models and technologies, as well as to build projects and prototype technologies, given a Digital Transformation context/problem

- understands the technical and business vocabulary and the core topics revolving around 10T and Industry 4.0

- is able to effectively read and understand technical and specific papers and studies on loT and Industry 4.0, to fluently discuss related topics in a technical and professional environment, and to deliver the focus

information in a clear and fluent manner also laying down explicative texts.

Secondo Anno di Corso

Gruppo: Elective Courses
TAF: D Ambito: 1008 - A scelta dello studente TAF secondaclasse: D Ambito seconda classe: A scelta dello studente

Cfu min: 6 Cfu max: 6
Note: Students enrolled within the EIT Agreement must choose the teaching activity “Entrepreneurship”, or "Innovation Strategy” or "Marketing, Sales and Platforms in the Digital Age" whereas the students not enrolled
within the agreement can choose between the teaching activities indicated below, and among those included in the University courses catalogue.

Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 BO0OQ9 - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large loT systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smatrt cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).

The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.
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6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the desigh methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 37388 - 2 - ENTREPRENEURSHIP SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:
Obiettivi: At the end of this course the student will: - comprehend the role and the function of entrpreneurship with a specific focus on the potential of digital and new technologies in business venturing and business

innovation; -be able to indentify, evaluate, and select effective business idea and business opportunities; - be able to deploy business idea and model into a business plan; be able to design and write a business
plan; - acquire the basic knowledge for stimluating, coordinating and controlling corporate venture iniaitives

Obiettivi inglese: At the end of this course the student will: - comprehend the role and the function of entrpreneurship with a specific focus on the potential of digital and new technologies in business venturing and
business innovation; -be able to indentify, evaluate, and select effective business idea and business opportunities; - be able to deploy business idea and model into a business plan; be able to design and write a
business plan; - acquire the basic knowledge for stimluating, coordinating and controlling corporate venture iniaitives

6699 000 000 95626 - 1 - FUNDAMENTALS OF ACCOUNTING SECS-P/07 ECON-06/A 6 30/0/0/0 No Voto

Ambito: 1144 - Attivita' formative affini o integrative c

Ambito seconda classe:

Obiettivi: This course is designed to provide students with a solid basis of accounting. At the end of the course students are able (a) to understand the difference between accrual accounting and cash flows; (b) to
understand the nature of the information on the income statement, the balance sheet, and the statement of cash flows; (c) to know the basics of management accounting and cost analysis.

Obiettivi inglese: This course is designed to provide students with a solid basis of accounting. At the end of the course students are able (a) to understand the difference between accrual accounting and cash flows;
(b) to understand the nature of the information on the income statement, the balance sheet, and the statement of cash flows; (c) to know the basics of management accounting and cost analysis.

6699 000 000 81934 - 2 - HUMAN COMPUTER INTERACTION ING-INF/05 IINF-05/A 6 24/0/30/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;

- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

Obiettivi inglese: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.
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6699 000 000 95640 - 2 - INNOVATION STRATEGY SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course the student:

- Understands Business Ecosystems that encompasses several Industries;

- Discusses the management of emerging (and often disruptive) technologies;

- Recognises the dynamics of multi-sided markets, platforms and business ecosystems;

- Develops Scenario Plans for Business Ecosystems, analyse its impacts on new and existing companies and formulate corresponding strategies.

Obiettivi inglese: At the end of the course the student:

- Understands Business Ecosystems that encompasses several Industries;

- Discusses the management of emerging (and often disruptive) technologies;

- Recognises the dynamics of multi-sided markets, platforms and business ecosystems;

- Develops Scenario Plans for Business Ecosystems, analyse its impacts on new and existing companies and formulate corresponding strategies.

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:
Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in

the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

6699 000 000 C9145 - 2 - MACHINE LEARNING AND DATA MINING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto

Ambito: B

Ambito seconda classe:

Obiettivi: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

Obiettivi inglese: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

6699 000 000 96098 - 1 - MARKETING, SALES AND PLATFORMS FOR THE DIGITAL AGE SECS-P/08 ECON-07/A 6 30/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D

Ambito seconda classe:

Obiettivi: At the end of the course, the student knows the way in which marketing is understood and thought up to the digital age that has brought the proliferation of channels and technologies which in turn have
radically changed the context in which marketers find themselves operating.

The student acquires the new marketing skills: data and analytics, customer experience, content, omni-channels and personalization.

The students knows the details of Digital Platforms and underlying reasons for adopting them in a business environment and the strategic and innovative technical details as microservices and APl management to
have a full picture of the key features that make a digital platform really valuable and effective for an organization. Moreover, the student acquires the key capabilities of an omnichannel platform and the standard tools
used to select software and solutions the best fit a specific application. Playing with a high-level general-purpose solution (IFTTT) the student understands how much easy is to create new services on top of open
platforms. At the end, the student knows platform business model fundamentals to have a full understanding of what make a digital platform a digital business ecosystem.

Obiettivi inglese: At the end of the course, the student knows the way in which marketing is understood and thought up to the digital age that has brought the proliferation of channels and technologies which in turn
have radically changed the context in which marketers find themselves operating.

The student acquires the new marketing skills: data and analytics, customer experience, content, omni-channels and personalization.
The students knows the details of Digital Platforms and underlying reasons for adopting them in a business environment and the strategic and innovative technical details as microservices and APl management to
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have a full picture of the key features that make a digital platform really valuable and effective for an organization. Moreover, the student acquires the key capabilities of an omnichannel platform and the standard tools
used to select software and solutions the best fit a specific application. Playing with a high-level general-purpose solution (IFTTT) the student understands how much easy is to create new services on top of open
platforms. At the end, the student knows platform business model fundamentals to have a full understanding of what make a digital platform a digital business ecosystem.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:

Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence
challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of
modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the
application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.
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6699 000 000 BOO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Qualsiasi attivita dell'Ateneo (010)

Ambito:
Ambito seconda classe:

Gruppo: Elective Courses of the guided choice
TAF: B Ambito: 102 - Discipline informatiche TAF seconda classe: B Ambito seconda classe: Ingegneria informatica
Cfu min: 24 Cfu max: 24

Note: The second year will be attended abroad in one of the partner universities. Exams passed will then be recognized as one of the exams listed below

Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 BO0Q9 - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smart cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).

The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.
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6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the desigh methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 81934 - 2 - HUMAN COMPUTER INTERACTION ING-INF/05 IINF-05/A 6 24/0/30/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;

- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

Obiettivi inglese: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in

the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.
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6699 000 000 C9145 - 2 - MACHINE LEARNING AND DATA MINING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto

Ambito: B
Ambito seconda classe:

Obiettivi: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

Obiettivi inglese: After the course the student:

- kows the main machine learning techniques

- knows the methodologies for handling a mining project

- develops practical skills in the analysis and interpretation of results through practical exercises with commercial tools and / or open source ones.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:

Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence

challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of

modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;
- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the

application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.
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The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;
- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

6699 000 000 BOO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Gruppo: Final examination

TAF: E Ambito: 1018 - Per la prova finale TAF seconda classe: E  Ambito seconda classe: Per la prova finale
Cfu min: 30 Cfu max: 30
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 96895 - 2 - FINAL EXAMINATION (30 CFU) 30 0/0/0/0 No
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: At the end of the final exam, the student is able to work independently, she masters the disciplines of computer science. He is able to present and discuss the results of an original research project with clarity
and awareness, of an experimental or theoretical nature, on a specific theme.

Obiettivi inglese: At the end of the final exam, the student is able to work independently, she masters the disciplines of computer science. He is able to present and discuss the results of an original research project
with clarity and awareness, of an experimental or theoretical nature, on a specific theme.
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6699 000 000 93935 - 2 - FINAL EXAMINATION (6 CFU)

6 0/0/0/0 No

Ambito: 1018 - Per la prova finale E
Ambito seconda classe:

Obiettivi: At the end of the final exam, the student is able to work independently, she masters the disciplines of computer science. He is able to present and discuss the results of an original research project with clarity
and awareness, of an experimental or theoretical nature, on a specific theme.

Obiettivi inglese: At the end of the final exam, the student is able to work independently, she masters the disciplines of computer science. He is able to present and discuss the results of an original research project
with clarity and awareness, of an experimental or theoretical nature, on a specific theme.

6699 000 000 96896 - 2 - FINAL EXAMINATION PREPARATION ABROAD 24 0/0/600/0 No

Ambito: 1018 - Per la prova finale E
Ambito seconda classe:

Obiettivi: The student, addressed by a teacher and included in a project carried out abroad, participates in first person collaborating with the structured staff for the preparation of the final exam. At the end of the
preparation for the final exam, the student is able to interact with different professionals, knows how to work in a group, develops his/her communication skills in a foreign language, knows how to write technical
reports relating to the performed projects and knows how to interpret technical reports written by the collaborators on the internal topic chosen for the final test.

Obiettivi inglese: The student, addressed by a teacher and included in a project carried out abroad, participates in first person collaborating with the structured staff for the preparation of the final exam. At the end of
the preparation for the final exam, the student is able to interact with different professionals, knows how to work in a group, develops his/fher communication skills in a foreign language, knows how to write technical
reports relating to the performed projects and knows how to interpret technical reports written by the collaborators on the internal topic chosen for the final test.

6699 000 000 97366 - 2 - INTERNSHIP ABROAD FOR THE FINAL EXAMINATION PREPARATION 24

0/0/600/0 No
Ambito: 1018 - Per la prova finale E
Ambito seconda classe:

Obiettivi: At the end of the final exam internship, the student gains direct knowledge of possible professional and research areas. This is achieved through participation in the activities of structures outside the
University, which operate consistently with the educational goals of the degree program on the topic chosen for the final exam. In particular, the student is able to interact with different professional realities, also
working in composite design teams, and is able to develop - even in a foreign language - their communication skills both interpersonal and in terms of technical documentation.

Obiettivi inglese: At the end of the final exam internship, the student gains direct knowledge of possible professional and research areas. This is achieved through participation in the activities of structures outside the
University, which operate consistently with the educational goals of the degree program on the topic chosen for the final exam. In particular, the student is able to interact with different professional realities, also
working in composite design teams, and is able to develop - even in a foreign language - their communication skills both interpersonal and in terms of technical documentation.

6699 000 000 97367 - 2 - INTERNSHIP FOR THE FINAL EXAMINATION PREPARATION 24

0/0/600/0 No Giudizio

Ambito: 1018 - Per la prova finale E
Ambito seconda classe:

Obiettivi: At the end of the final exam internship, the student gains direct knowledge of possible professional and research areas. This is achieved through participation in the activities of structures outside the
University, which operate consistently with the educational goals of the degree program on the topic chosen for the final exam. In particular, the student is able to interact with different professional realities, also
working in composite design teams, and is able to develop - even in a foreign language - their communication skills both interpersonal and in terms of technical documentation.

Obiettivi inglese: At the end of the final exam internship, the student gains direct knowledge of possible professional and research areas. This is achieved through participation in the activities of structures outside the
University, which operate consistently with the educational goals of the degree program on the topic chosen for the final exam. In particular, the student is able to interact with different professional realities, also
working in composite design teams, and is able to develop - even in a foreign language - their communication skills both interpersonal and in terms of technical documentation.

Pagina 17 di 45 13/04/2026 Regolamento Didattico



R_egolamento Didattico di Corso di Studio Universita degli Studi di Bologn_a

Anno Accademico 2026/2027

Classe LM-18-INFORMATICA
Classe 2 LM-32-INGEGNERIA INFORMATICA
Corso 6699-INGEGNERIA E SCIENZE INFORMATICHE

INTELLIGENZA ARTIFICIALE: FONDAMENTI, METODI E TECNOLOGIE INFORMATICHE (D44)

Primo Anno di Corso

Gruppo: Attivita formative obbligatorie

TAF: Ambito: TAF seconda classe: Ambito seconda classe:
Cfu min: Cfu max:
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELLIN FREQ. VER.
6699 000 000 C8654 - 1 - AGENTI INTELLIGENTI ING-INF/05 IINF-05/A 6 40/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti una solida comprensione degli agenti intelligenti e dei sistemi multi-agente (MAS), concentrandosi sia sui fondamenti teorici sia sulle applicazioni pratiche. Si
esploreranno concetti chiave come I'autonomia, le architetture basate su agenti, il ragionamento automatico, e le reti Bayesiane. Gli studenti analizzeranno inoltre paradigmi emergenti, tra cui agentic Al e gli agenti
neuro-simbolici, e acquisiranno esperienza pratica con tecnologie e piattaforme per la creazione e I'implementazione di agenti intelligenti, programmazione logica inclusa. Infine, i principi, le tecnologie, e i metodi
basati sugli agenti verranno utilizzati quali fondamenti per l'ingegneria dei sistemi intelligenti.

Obiettivi inglese: The course aims at providing students with a solid understanding of intelligent agents and multi-agent systems (MAS), focusing on both theoretical foundations and practical applications. It explores
key concepts such as autonomy, agent-based architectures, automatic reasoning, and Bayesian networks. Students will examine emerging paradigms, including agentic Al and neuro-symbolic agents, and will gain

hands-on experience with technologies and platforms for building and deploying intelligent agents, including logic programming. Finally, agent-based principles, technologies, and methods will be exploited as the
foundations for the engineering of intelligent systems.

6699 000 000 B0302 - 1 - CYBER SECURITY INF/01 INFO-01/A 6 52/0/0/0 No Voto
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso lo studente conosce i principi di base della

sicurezza informatica ed & in grado di individuare le principali problematiche di sicurezza dei calcolatori e delle reti. E in grado di comprendere i protocolli ed i meccanismi di comunicazione utilizzati per garantire il
trasferimento sicuro delle informazioni. E in grado di valutare in modo critico la sicurezza di un sistema informatico,

individuando le possibili vulnerabilita e mettendo in atto tutte le

contromisure necessarie per mitigare le problematiche individuate ed incrementare la robustezza del sistema. Inoltre & in grado di contribuire alla progettazione di sistemi dove la sicurezza sia un elemento essenziale
e strutturale. E infine in grado di progettare ed implementare meccanismi per la messa in sicurezza di dispositivi presenti su Internet.

Obiettivi inglese: At the end of the course, the student knows the basic principles of computer security and he/she is able to identify the main problems of computer and network security. He/she gets to understand
and explain the main protocols and mechanisms used for securing communications and data transfer. He/she is able to perform a critical evaluation of the security of a computing infrastructure and to suggest the best
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countermeasures to mitigate the vulnerabilities, reduce the risk and increase the resilience to attacks. He/She is also capable of contributing to the design of systems that are secure by design. Finally, he/she is able
to design and contribute to the enhancement of the security of devices exposed to the Internet.

6699 000 000 C8653 - 1 - DATA-CENTRIC Al ING-INF/05 IINF-05/A 6 25/0/35/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to critically

analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related to data
bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

Obiettivi inglese: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to
critically analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related
to data bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

6699 000 000 C8647 - 1 - INGEGNERIA DEL SOFTWARE E MODELLI COMPUTAZIONALI (C.1.) 12 Voto
Modulo integrato: C8648 - LINGUISTICA FORMALE E MODELLI COMPUTAZIONALI INF/01 INFO-01/A 6 24/12/24/0 No

Ambito: 1144 - Attivita' formative affini o integrative c

Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso lo studente conosce:
- le grammatiche, la loro classificazione a la Chomsky, I'equivalenza di espressioni regolari/grammatiche con le rispettive classi di automi e il loro uso in linguistica per esprimere lessico e sintassi;
- gli aspetti fondamentali riguardanti la logica, i sistemi deduttivi, le logiche temporali e il loro uso per la descrizione e verifica di proprieta di sistemi concorrenti/distribuiti.

Obiettivi inglese: Upon completion of the course, students will know:

- grammars, their Chomsky classification, the equivalence of regular expressions/grammars with their respective automata classes, and their use in linguistics to express lexicon and syntax;
- fundamental aspects of logics, deductive systems, temporal logics, and their use in describing and verifying properties of concurrent/distributed systems.

Modulo integrato: C8649 - ADVANCED SOFTWARE ENGINEERING AND DEVELOPMENT ING-INF/05 IINF-05/A 6 36/0/24/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Al termine del corso lo studente possiede conoscenze avanzate su tecniche e metodologie di sviluppo software. In particolare:

- conosce e sa applicare le principali metodologie di software engineering, dagli approcci a cascata a quelli agili, e gli approcci orientati al testing;

- conosce e sa applicare le principali tecniche di gestione dei progetti e delle Development Operations;

- conosce e sa applicare le principali tecniche di programmazione moderna, con particolare riferimento alla combinazione di programmazione ad oggetti e funzionale, e i corrispondenti pattern di design;
- conosce i principali strumenti e metodologie di Al generativa per lo sviluppo del software.

Obiettivi inglese: At the end of the course, the student will have advanced knowledge of software development techniques and methodologies. In particular:

- knows and can apply the main software engineering methodologies, from waterfall to agile approaches, and testing-oriented approaches.

- knows and can apply the main techniques for project management and Development Operations.

- knows and can apply the main modern programming techniques, with particular reference to the combination of object-oriented and functional programming, and their corresponding design patterns.
- knows the main tools and methodologies of generative Al for software development.

6699 000 000 C8836 - 1 - MACHINE LEARNING E DEEP LEARNING (C.1.) 12 Voto
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Modulo integrato: 81610 - MACHINE LEARNING ING-INF/05 IINF-05/A 6 36/0/124/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Al termine del corso, anche grazie a una rilevante attivita di laboratorio, lo studente sara in grado di:

- progettare e valutare sistemi capaci di apprendere in modo automatico

- implementare tecniche di classificazione, regressione e clustering per risolvere problemi in diversi ambiti applicativi
- utilizzare reti neurali e tecniche di base in ambito deep learning

Obiettivi inglese: Providing the student with the concepts necessary:

- to understand and apply machine learning approaches;

- to implement classification, regression and clustering algorithms to solve problems in different applicative fields;
- to use neural networks and other deep learning techniques.

Modulo integrato: 91250 - DEEP LEARNING ING-INF/05 IINF-05/A 6 36/0/24/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Il corso ha l'obiettivo di fornire agli studenti competenze avanzate (sia teoriche che pratiche) nell'ambito del machine learning, con particolare riferimento al deep learning. Al termine del corso, anche grazie
all'attivita di laboratorio, lo studente sara in grado di:

- addestrare/ottimizzare in maniera approfondita sistemi in grado di apprendere in maniera automatica;

- selezionare e personalizzare la tecnica di machine learning piu opportuna da utilizzare in ambiti applicativi reali;

- utilizzare tecniche avanzate in ambito deep learning.

Obiettivi inglese: The course aims at providing advanced skills (both theoretical and practical) on machine learning and, in particular, on deep learning.
At the end of the course the student will be able to:

- in-depth train and optimize deep learning approaches;

- choose and customize the most appropriate techniques to be used in real application scenarios;

- use advanced deep learning techniques.

6699 000 000 C8835 - 1 - MATEMATICA PER L'INTELLIGENZA ARTIFICIALE 6 48/0/0/0 No Giudizio
Ambito: 1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoro F
Ambito seconda classe: 1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoro F

Obiettivi: Il corso si propone di fornire agli studenti le fondamenta matematiche necessarie per lo studio dell'Intelligenza Artificiale. Saranno richiamati gli argomenti fondamentali in diversi ambiti della matematica di
base quali I'algebra lineare, I'analisi matematica e la statistica. Il corso & concepito per colmare eventuali lacune nella preparazione di base e per consolidare le competenze indispensabili alla prosecuzione degli studi
in insegnamenti di carattere piu avanzato.

Obiettivi inglese: The course aims to provide students with the mathematical foundations necessary for the study of Artificial Intelligence. It will review key topics from various areas of basic mathematics, including
linear algebra, mathematical analysis, and statistics. The course is designed to address any gaps in prior knowledge and to strengthen the essential skills required for continuing studies in more advanced subjects.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.
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Secondo Anno di Corso

Gruppo: Attivita formative obbligatorie

TAF: Ambito: TAF seconda classe: Ambito seconda classe:
Cfu min: Cfu max:
Note:
Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/ELNN FREQ. VER.
6699 000 000 C8834 - 2 - HUMAN-CENTERED Al INF/01 INFO-01/A 6 32/0/16/0 No Voto
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso, gli studenti saranno in grado di:

- Comprendere e contestualizzare la Human-Al Interaction

- Progettare sistemi di Al centrati sull'uomo

- Valutare le prestazioni congiunte di sistemi Human-Al

- Valutare la Trustworthiness di un sistema di Al con particolare focus su Robustness and safety, Explainability, e Sustainability
- Comunicare e rendere trasparente il comportamento di un sistema di Al

- Analizzare e confrontare diverse forme di interazione uomo-robot

- Conoscere i principi fondamentali dell'Al Act e i regolamenti relativi allo sviluppo di sistemi di Al.

Obiettivi inglese: At the end of the course, students will be able to:

- Understand and contextualize Human-Al Interaction

- Design human-centered Al systems

- Evaluate the joint performance of Human—Al systems

- Evaluate the trustworthiness of an Al system with a focus on robustness and safety, explainability, and sustainability
- Communicate and make transparent the behavior of an Al system

- Analyze and compare different forms of human-robot interaction

- Know the fundamental principles of the Al Act and the regulations governing the development of Al systems.

6699 000 000 91258 - 2 - NATURAL LANGUAGE PROCESSING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Gli studenti apprenderanno metodi, algoritmi e modelli di Natural Language Processing (NLP) moderni, con enfasi su large language models (LLMs) come principale innovazione NLP nell'Intelligenza
Avrtificiale. Il corso tratta la progettazione, 'addestramento, il fine-tuning e la valutazione di architetture generative basate su transformer ed emergenti, orientate anche a reasoning ed explainability. Il corso include
prompt engineering, retrieval-augmented generation (RAG), approcci multilingue e multimodali, knowledge injection con graph neural networks e graph embeddings. Gli studenti esploreranno tecniche avanzate come
mixture-of-experts, parameter-efficient fine-tuning, knowledge distillation, efficient attention mechanisms e test-time scaling. Queste tecnologie abilitano lo sviluppo di applicazioni robuste, efficienti e scalabili come
chatbots, summarization, information extraction, retrieval, LLM agents in NLP tasks, document classification.

Obiettivi inglese: Students will learn modern Natural Language Processing (NLP) methods, algorithms and models, with emphasis on large language models (LLMs) as key NLP breakthroughs in Artificial Intelligence.
The course covers the design, training, fine-tuning and evaluation of generative transformer-based and emerging architectures supporting also reasoning and explainability. It includes prompt engineering, retrieval-
augmented generation (RAG), multilingual and multimodal approaches, knowledge injection involving graph neural networks and graph embeddings. Students will explore cutting-edge techniques such as Mixture-of-
Experts, parameter-efficient fine-tuning, knowledge distillation, efficient attention mechanisms and test-time scaling. These technologies enable the development of robust, efficient and scalable applications such as
chatbots, summarization, information extraction, retrieval, LLM agents in NLP tasks, document classification.
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Gruppo: Attivita per la scelta guidata per 18 cfu

TAF: B Ambito: 102 - Discipline informatiche TAF seconda classe: B Ambito seconda classe: Ingegneria informatica
Cfu min: 18 Cfu max: 18
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELNN FREQ. VER.
6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 C8652 - 2 - INFORMATION SECURITY ING-INF/05 IINF-05/A 6 48/0/0/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Questo corso esplora le relazioni tra cybersecurity e protezione dei dati, con particolare enfasi su Al e machine learning:

- Come i sistemi di machine learning possono essere vulnerabili ad attacchi informatici,

- Come i sistemi distribuiti possono essere organizzati per gestire la divulgazione dei dati e la gestione di dati sensibili,

- Come le tecniche di Al possono essere utilizzate per rilevare eventi illeciti e minacce alla sicurezza (ad es., rilevamento di intrusioni e frodi, classificazione di transazioni illecite).

Obiettivi inglese: This course explores the relationships between cybersecurity and data protection, with

particular emphasis on Al and machine learning:

- How machine learning systems can be vulnerable to security attacks,

- How distributed systems can be organized to cope with data disclosure and

management of sensitive data,

- How Al techniques can be used to detect illicit events and security threats (e.g., intrusion and fraud detection, illicit transaction classification).
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6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in

the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:
Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence

challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 29443 - 2 - VISIONE ARTIFICIALE E RICONOSCIMENTO ING-INF/05 IINF-05/A 6 34/0/22/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti le nozioni e gli strumenti necessari per la progettazione e realizzazione di sistemi automatici in grado di analizzare immagini digitali ai fini della localizzazione e
riconoscimento di oggetti.

Al termine del corso, anche grazie all'attivita di laboratorio, lo studente sara in grado di:

- progettare un sistema di visione in grado di analizzare il contenuto di un'immagine digitale;

- sviluppare algoritmi di visione basati su tecniche classiche di machine learning, feature hand-crafted (colore forma tessitura), key-point e descrittori locali;

- addestrare e ottimizzare reti neurali per problemi di classificazione, localizzazione, segmentazione semantica.

Obiettivi inglese: The course aims to provide students with the knowledge and tools necessary for the design and implementation of automated systems capable of analyzing digital images for the purpose of object
localization and recognition.

At the end of the course, also thanks to the laboratory activities, students will be able to:

- design a vision system capable of analyzing the content of a digital image;

- develop vision algorithms based on classical machine learning technigues, hand-crafted features (color, shape, texture), key points, and local descriptors;
- train and optimize neural networks for classification, localization, and semantic segmentation tasks.

6699 000 000 42500 - 2 - WEB SEMANTICO ING-INF/05 IINF-05/A 6 48/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Al termine del corso, lo studente:

- conosce i concetti, gli standard e i linguaggi del Web Semantico (RDF, RDFS, OWL, SPARQL, SWRL);

- sa progettare e interrogare Knowledge Graphs, integrando dati secondo I'approccio Linked Data;

- acquisisce competenze nello sviluppo di applicazioni semantiche e nell'uso di tecnologie come il reasoning e la semantic search;
- € in grado di analizzare progetti esistenti e sviluppare prototipi in domini applicativi scelti.

Obiettivi inglese: At the end of the course, the student:

- understands the key concepts, standards, and languages of the Semantic Web (RDF, RDFS, OWL, SPARQL, SWRL);
- is able to design and query Knowledge Graphs, integrating data according to the Linked Data approach;

- acquires skills in developing semantic applications and using technologies such as reasoning and semantic search;

- is capable of analyzing existing projects and developing prototypes in selected application domains.
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Gruppo: Attivita per la scelta libera

TAF: D Ambito: 1008 - A scelta dello studente TAF seconda classe: D Ambito seconda classe: A scelta dello studente
Cfu min: 12 Cfu max: 12
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/E/LIN FREQ. VER.
6699 000 000 BO0OY - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large loT systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smatrt cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).

The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.
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6699 000 000 30376 - 2 - BUSINESS INTELLIGENCE ING-INF/05 IINF-05/A 6 40/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso lo studente conosce in modo approfondito i sistemi di data warehouse, con particolare riferimento alle architetture e alle tecniche di analisi dei dati, e le principali tecnologie alla base dei

sistemi di business intelligence. E altresi in grado di condurre un progetto di data warehouse attraverso le sue fasi di analisi delle sorgenti dati e dei requisiti, e di progettazione concettuale, logica, fisica e
dell'alimentazione.

Obiettivi inglese: After the course, the student is skilled in business intelligence architectures and functionalities. In particular, the student is capable of designing and administrating enterprise data warehouses.

6699 000 000 81934 - 2 - HUMAN COMPUTER INTERACTION ING-INF/05 IINF-05/A 6 24/0/30/0 No Voto

Ambito: 1008 - A scelta dello studente D
Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;

- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

Obiettivi inglese: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

6699 000 000 C8652 - 2 - INFORMATION SECURITY ING-INF/05 IINF-05/A 6 48/0/0/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Questo corso esplora le relazioni tra cybersecurity e protezione dei dati, con particolare enfasi su Al e machine learning:

- Come i sistemi di machine learning possono essere vulnerabili ad attacchi informatici,

- Come i sistemi distribuiti possono essere organizzati per gestire la divulgazione dei dati e la gestione di dati sensibili,

- Come le tecniche di Al possono essere utilizzate per rilevare eventi illeciti e minacce alla sicurezza (ad es., rilevamento di intrusioni e frodi, classificazione di transazioni illecite).

Obiettivi inglese: This course explores the relationships between cybersecurity and data protection, with

particular emphasis on Al and machine learning:

- How machine learning systems can be vulnerable to security attacks,

- How distributed systems can be organized to cope with data disclosure and

management of sensitive data,

- How Al techniques can be used to detect illicit events and security threats (e.g., intrusion and fraud detection, illicit transaction classification).

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in

the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.
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6699 000 000 C8664 - 2 - LABORATORY OF NETWORK SECURITY AND PROGRAMMABILITY ING-INF/05 IINF-05/A 6 20/0/40/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure. The

student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance network
monitoring tasks with the scope to guarantee network security and integrity.

Obiettivi inglese: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure.
The student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance
network monitoring tasks with the scope to guarantee network security and integrity.

6699 000 000 73435 - 2 - PROJECT MANAGEMENT ING-INF/05 IINF-05/A 6 44/0/16/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:
Obiettivi: Al termine del corso lo studente:

- conosce i principi base del Project Management e ha padronanza degli approcci riscontrabili nel settore della produzione di software, partendo da quelli piu tradizionali fino agli approcci iterativi e adattivi tipici delle
metodologie "agile";

- conosce qualche strumento di supporto alla gestione di progetti e ha approfondito alcuni aspetti pratici anche con esercitazioni di laboratorio;

- € in grado di partecipare e/o gestire un progetto di sviluppo software.

Obiettivi inglese: At the end of the course students: - know the basic principles of Project Management and can manage different approaches used in software production, from the most traditional ones to the iterative
and adaptive approaches typical of the “agile” project management; - know some tools used in project management and have gained a better understanding of some practical aspects also through practical exercises;
- can participate in or manage a software development project.

6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:
Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence

challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of

modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;
- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the

application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;
- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;
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- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

6699 000 000 B0OO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

6699 000 000 29443 - 2 - VISIONE ARTIFICIALE E RICONOSCIMENTO ING-INF/05 IINF-05/A 6 34/0/22/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti le nozioni e gli strumenti necessari per la progettazione e realizzazione di sistemi automatici in grado di analizzare immagini digitali ai fini della localizzazione e
riconoscimento di oggetti.

Al termine del corso, anche grazie all'attivita di laboratorio, lo studente sara in grado di:

- progettare un sistema di visione in grado di analizzare il contenuto di un'immagine digitale;

- sviluppare algoritmi di visione basati su tecniche classiche di machine learning, feature hand-crafted (colore forma tessitura), key-point e descrittori locali;

- addestrare e ottimizzare reti neurali per problemi di classificazione, localizzazione, segmentazione semantica.

Obiettivi inglese: The course aims to provide students with the knowledge and tools necessary for the design and implementation of automated systems capable of analyzing digital images for the purpose of object
localization and recognition.

At the end of the course, also thanks to the laboratory activities, students will be able to:

- design a vision system capable of analyzing the content of a digital image;

- develop vision algorithms based on classical machine learning techniques, hand-crafted features (color, shape, texture), key points, and local descriptors;

- train and optimize neural networks for classification, localization, and semantic segmentation tasks.

6699 000 000 42500 - 2 - WEB SEMANTICO ING-INF/05 IINF-05/A 6 48/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Al termine del corso, lo studente:

- conosce i concetti, gli standard e i linguaggi del Web Semantico (RDF, RDFS, OWL, SPARQL, SWRL);

- sa progettare e interrogare Knowledge Graphs, integrando dati secondo I'approccio Linked Data;

- acquisisce competenze nello sviluppo di applicazioni semantiche e nell'uso di tecnologie come il reasoning e la semantic search;
- e in grado di analizzare progetti esistenti e sviluppare prototipi in domini applicativi scelti.

Obiettivi inglese: At the end of the course, the student:

- understands the key concepts, standards, and languages of the Semantic Web (RDF, RDFS, OWL, SPARQL, SWRL);
- is able to design and query Knowledge Graphs, integrating data according to the Linked Data approach;

- acquires skills in developing semantic applications and using technologies such as reasoning and semantic search;
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- is capable of analyzing existing projects and developing prototypes in selected application domains.

Gruppo: Provafinale

TAF: E Ambito: 1018 - Per la prova finale TAF seconda classe: E Ambito seconda classe: Per la prova finale
Cfu min: 24 Cfu max: 24
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELN FREQ. VER.
Gruppo A 0-24
6699 000 000 17268 - 2 - PROVA FINALE 24 0/0/0/0 No
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine della prova finale, lo studente € in grado di lavorare in modo autonomo, con piena padronanza degli strumenti culturali propri dell'informatica, e di esporre e discutere con chiarezza e
consapevolezza i risultati di un progetto originale di ricerca, di natura sperimentale o teorica, su un tema specifico.

Gruppo B 0-24
6699 000 000 35199 - 2 - PROVA FINALE 6 0/0/0/0 No
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:
Obiettivi: Al termine della prova finale, lo studente & in grado di lavorare in modo autonomo, con piena padronanza degli strumenti culturali propri dell'informatica, e di esporre e discutere con chiarezza e
consapevolezza i risultati di un progetto originale di ricerca, di natura sperimentale o teorica, su un tema specifico.

Lo studente deve integrare la prova finale da 6 CFU con un‘altra attivita fra quelle elencate 0-18
6699 000 000 81355 - 2 - PREPARAZIONE PROVA FINALE ALL'ESTERO 18 0/0/450/0 No Giudizio
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine della preparazione alla prova finale lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca mediante la
partecipazione alle attivita di strutture estere, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente & in grado di interagire con
diverse realta professionali operando anche in team di progettazione compositi, ed € in grado di sviluppare - anche in lingua straniera - le proprie abilita comunicative sia interpersonali sia in termini di
documentazione tecnica.

6699 000 000 81959 - 2 - TIROCINIO ALL'ESTERO IN PREPARAZIONE DELLA PROVA FINALE 18 0/0/450/0 No Giudizio

Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine del tirocinio all’estero in preparazione alla prova finale lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca
mediante la partecipazione alle attivita di strutture estere, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente ¢ in grado di

interagire con diverse realta professionali operando anche in team di progettazione compositi, ed & in grado di sviluppare - anche in lingua straniera - le proprie abilita comunicative sia interpersonali sia in termini di
documentazione tecnica.
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6699 000 000 70441 - 2 - TIROCINIO IN PREPARAZIONE DELLA PROVA FINALE 18 0/0/450/0

No Giudizio
Ambito: 1018 - Per la prova finale X

Ambito seconda classe:

Obiettivi: Al termine del tirocinio in preparazione alla prova finale (tesi in azienda) lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca

mediante la partecipazione alle attivita di strutture esterne all'Universita, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente

e in grado di interagire con diverse realta professionali operando anche in team di progettazione compositi, ed € in grado di sviluppare - anche in lingua straniera - le proprie abilita comunicative sia interpersonali sia
in termini di documentazione tecnica.
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Anno Accademico 2026/2027

Classe LM-18-INFORMATICA
Classe 2 LM-32-INGEGNERIA INFORMATICA
Corso 6699-INGEGNERIA E SCIENZE INFORMATICHE

DATI, SOFTWARE E SISTEMI (D45)

Primo Anno di Corso

Gruppo: Attivita formative obbligatorie

TAF: Ambito: TAF seconda classe: Ambito seconda classe:
Cfu min: Cfu max:
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 C8655 - 1 - CONCURRENT AND DISTRIBUTED SYSTEMS (I.C.) 12 Voto
Modulo integrato: C8644 - CONCURRENT SYSTEMS ING-INF/05 IINF-05/A 6 32/0/28/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: The course introduces the principles, methods and techniques concerning design and development of concurrent software systems. Upon completing this course, a student will know:

- how to model the execution of a concurrent software system and how to specify and verify properties

- how to design concurrent software systems, in particular the main architectures and methods

- how to program concurrent software systems, adopting different concurrent programming techniques and paradigms: multi-threaded programming, asynchronous and reactive programming, task-oriented
programming, message-based communication models, actor-based programming

- how to program concurrent distributed systems: distributed algorithms, distributed-object computing, service-oriented computing.

Obiettivi inglese: The course introduces the principles, methods and techniques concerning design and development of concurrent software systems. Upon completing this course, a student will know:

- how to model the execution of a concurrent software system and how to specify and verify properties

- how to design concurrent software systems, in particular the main architectures and methods

- how to program concurrent software systems, adopting different concurrent programming techniques and paradigms: multi-threaded programming, asynchronous and reactive programming, task-oriented
programming, message-based communication models, actor-based programming

- how to program concurrent distributed systems: distributed algorithms, distributed-object computing, service-oriented computing.
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Modulo integrato: 87474 - DISTRIBUTED SYSTEMS ING-INF/05 IINF-05/A 6 40/0/20/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: The course aims at providing students with a solid understanding of the fundamental goals, features, roles, and issues of distributed systems. It explores the underlying principles in terms of the abstractions,
models, architectures, and formalisms aimed at representing and designing distributed systems. It focuses on the main issues linked to physical distributions, such as scalability, dependability, fault tolerance, resource
sharing, computation in time & space. The main theorems, algorithms, and patterns are illustrated, and connected to the most widely adopted distributed technologies and middleware, which students can test in the
lab to gain hands-on experience on the main technical and practical problems of distributed systems programming and engineering.

Obiettivi inglese: The course aims at providing students with a solid understanding of the fundamental goals, features, roles, and issues of distributed systems. It explores the underlying principles in terms of the
abstractions, models, architectures, and formalisms aimed at representing and designing distributed systems. It focuses on the main issues linked to physical distributions, such as scalability, dependability, fault
tolerance, resource sharing, computation in time & space. The main theorems, algorithms, and patterns are illustrated, and connected to the most widely adopted distributed technologies and middleware, which
students can test in the lab to gain hands-on experience on the main technical and practical problems of distributed systems programming and engineering.

6699 000 000 B0302 - 1 - CYBER SECURITY INF/01 INFO-01/A 6 52/0/0/0 No Voto
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso lo studente conosce i principi di base della

sicurezza informatica ed & in grado di individuare le principali problematiche di sicurezza dei calcolatori e delle reti. E in grado di comprendere i protocolli ed i meccanismi di comunicazione utilizzati per garantire il
trasferimento sicuro delle informazioni. E in grado di valutare in modo critico la sicurezza di un sistema informatico,

individuando le possibili vulnerabilita e mettendo in atto tutte le

contromisure necessarie per mitigare le problematiche individuate ed incrementare la robustezza del sistema. Inoltre & in grado di contribuire alla progettazione di sistemi dove la sicurezza sia un elemento essenziale
e strutturale. E infine in grado di progettare ed implementare meccanismi per la messa in sicurezza di dispositivi presenti su Internet.

Obiettivi inglese: At the end of the course, the student knows the basic principles of computer security and he/she is able to identify the main problems of computer and network security. He/she gets to understand
and explain the main protocols and mechanisms used for securing communications and data transfer. He/she is able to perform a critical evaluation of the security of a computing infrastructure and to suggest the best
countermeasures to mitigate the vulnerabilities, reduce the risk and increase the resilience to attacks. He/She is also capable of contributing to the design of systems that are secure by design. Finally, he/she is able
to design and contribute to the enhancement of the security of devices exposed to the Internet.

CLIR 000 000 26337 - 6 - IDONEITA' LINGUA INGLESE B - 2 6 0/0/0/0 No Giudizio
Ambito: 1007 - Ulteriori conoscenze linguistiche F
Ambito seconda classe:
6699 000 000 C8647 - 1 - INGEGNERIA DEL SOFTWARE E MODELLI COMPUTAZIONALI (C.1.) 12 Voto
Modulo integrato: C8648 - LINGUISTICA FORMALE E MODELLI COMPUTAZIONALI INF/01 INFO-01/A 6 24/12/24/0 No
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso lo studente conosce:

- le grammatiche, la loro classificazione a la Chomsky, I'equivalenza di espressioni regolari/grammatiche con le rispettive classi di automi e il loro uso in linguistica per esprimere lessico e sintassi;
- gli aspetti fondamentali riguardanti la logica, i sistemi deduttivi, le logiche temporali e il loro uso per la descrizione e verifica di proprieta di sistemi concorrenti/distribuiti.

Obiettivi inglese: Upon completion of the course, students will know:

- grammars, their Chomsky classification, the equivalence of regular expressions/grammars with their respective automata classes, and their use in linguistics to express lexicon and syntax;
- fundamental aspects of logics, deductive systems, temporal logics, and their use in describing and verifying properties of concurrent/distributed systems.
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Modulo integrato: C8649 - ADVANCED SOFTWARE ENGINEERING AND DEVELOPMENT ING-INF/05 IINF-05/A 6 36/0/24/0 No
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Al termine del corso lo studente possiede conoscenze avanzate su tecniche e metodologie di sviluppo software. In particolare:

- conosce e sa applicare le principali metodologie di software engineering, dagli approcci a cascata a quelli agili, e gli approcci orientati al testing;

- conosce e sa applicare le principali tecniche di gestione dei progetti e delle Development Operations;

- conosce e sa applicare le principali tecniche di programmazione moderna, con particolare riferimento alla combinazione di programmazione ad oggetti e funzionale, e i corrispondenti pattern di design;
- conosce i principali strumenti e metodologie di Al generativa per lo sviluppo del software.

Obiettivi inglese: At the end of the course, the student will have advanced knowledge of software development techniques and methodologies. In particular:

- knows and can apply the main software engineering methodologies, from waterfall to agile approaches, and testing-oriented approaches.

- knows and can apply the main techniques for project management and Development Operations.

- knows and can apply the main modern programming techniques, with particular reference to the combination of object-oriented and functional programming, and their corresponding design patterns.
- knows the main tools and methodologies of generative Al for software development.

6699 000 000 81610 - 1 - MACHINE LEARNING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Al termine del corso, anche grazie a una rilevante attivita di laboratorio, lo studente sara in grado di:

- progettare e valutare sistemi capaci di apprendere in modo automatico

- implementare tecniche di classificazione, regressione e clustering per risolvere problemi in diversi ambiti applicativi
- utilizzare reti neurali e tecniche di base in ambito deep learning

Obiettivi inglese: Providing the student with the concepts necessary:

- to understand and apply machine learning approaches;

- to implement classification, regression and clustering algorithms to solve problems in different applicative fields;
- to use neural networks and other deep learning techniques.

6699 000 000 C8651 - 1 - SERVIZI E APPLICAZIONI WEB INF/01 INFO-01/A 6 40/0/10/0 No Voto
Ambito: 1144 - Attivita' formative affini o integrative c
Ambito seconda classe: 1144 - Attivita' formative affini o integrative c

Obiettivi: Al termine del corso, lo studente:

- conosce principi e metodologie di progettazione di applicazioni e servizi Web, client-side e server-side;
- € in grado di sviluppare siti Web basati su tecnologie Web client-side e server-side;

- € in grado di sviluppare front-end basati su app e rich internet application;

- € in grado di sviluppare back-end basati su servizi Web e workflow.

Obiettivi inglese: At the end of the course, the student is able to develop, by using advanced programming techniques: web sites based on client side and server side web technologies, front-ends based on apps and
rich internet applications and back-ends based on web services, asynchronous notifications and workflows.

6699 000 000 09679 - 1 - SISTEMI INFORMATIVI ING-INF/05 IINF-05/A 6 40/0/16/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Al termine del corso lo studente:

- ha una visione approfondita sulle problematiche di gestione, organizzazione e pianificazione dei Sistemi Informativi che completano le competenze tecniche, gia acquisite nel corso di studi, con competenze di
carattere organizzativo e manageriale.

- conosce le tecniche di analisi e classificazione dei moduli di che compongono il sistema informativo aziendale

- € in grado di partecipare a studi di fattibilita e a progetti di Business Process Reengineering che coinvolgano il sistema informativo aziendale

- € in grado di partecipare a progetti di integrazione delle basi di dati e di master data management

- acquisisce competenze pratiche sulle precedenti tematiche grazie allo svolgimento di casi di studio aziendale e alla partecipazione a seminari in aula.

Obiettivi inglese: The student:
- has a in depth knowledge about managing, organizing and planning an Information System. these organizational and managerial competences are complemental to the technical ones in the database area;
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- knows the techniques for analyze and classify software modules in the information system contex;
- carries out feasibility studies and Business Process Reengineering project;

- carries out database integration and master data projects;

- acquires practical skills on the previous topics through interactive business cases and seminars.

Secondo Anno di Corso

Gruppo: Attivita formative obbligatorie

TAF: Ambito: TAF seconda classe: Ambito seconda classe:
Cfu min: Cfu max:
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELNN FREQ. VER.
6699 000 000 C8652 - 2 - INFORMATION SECURITY ING-INF/05 IINE-05/A 6 48/0/0/0 No Voto
Ambito: 102 - Discipline informatiche B
Ambito seconda classe: 214 - Ingegneria informatica B

Obiettivi: Questo corso esplora le relazioni tra cybersecurity e protezione dei dati, con particolare enfasi su Al e machine learning:

- Come i sistemi di machine learning possono essere vulnerabili ad attacchi informatici,

- Come i sistemi distribuiti possono essere organizzati per gestire la divulgazione dei dati e la gestione di dati sensibili,

- Come le tecniche di Al possono essere utilizzate per rilevare eventi illeciti e minacce alla sicurezza (ad es., rilevamento di intrusioni e frodi, classificazione di transazioni illecite).

Obiettivi inglese: This course explores the relationships between cybersecurity and data protection, with

particular emphasis on Al and machine learning:

- How machine learning systems can be vulnerable to security attacks,

- How distributed systems can be organized to cope with data disclosure and

management of sensitive data,

- How Al techniques can be used to detect illicit events and security threats (e.g., intrusion and fraud detection, illicit transaction classification).

Gruppo: Attivita per la scelta guidata per 24 cfu

TAF: B Ambito: 102 - Discipline informatiche TAF seconda classe: B Ambito seconda classe: Ingegneria informatica
Cfu min: 24 Cfu max: 24
Note:
Attivita formativa SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 BOOOY - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large loT systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smatrt cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).
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The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;
- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

6699 000 000 C8654 - 1 - AGENTI INTELLIGENTI ING-INF/05 IINF-05/A 6 40/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti una solida comprensione degli agenti intelligenti e dei sistemi multi-agente (MAS), concentrandosi sia sui fondamenti teorici sia sulle applicazioni pratiche. Si
esploreranno concetti chiave come I'autonomia, le architetture basate su agenti, il ragionamento automatico, e le reti Bayesiane. Gli studenti analizzeranno inoltre paradigmi emergenti, tra cui agentic Al e gli agenti

neuro-simbolici, e acquisiranno esperienza pratica con tecnologie e piattaforme per la creazione e I'implementazione di agenti intelligenti, programmazione logica inclusa. Infine, i principi, le tecnologie, e i metodi
basati sugli agenti verranno utilizzati quali fondamenti per lI'ingegneria dei sistemi intelligenti.

Obiettivi inglese: The course aims at providing students with a solid understanding of intelligent agents and multi-agent systems (MAS), focusing on both theoretical foundations and practical applications. It explores
key concepts such as autonomy, agent-based architectures, automatic reasoning, and Bayesian networks. Students will examine emerging paradigms, including agentic Al and neuro-symbolic agents, and will gain

hands-on experience with technologies and platforms for building and deploying intelligent agents, including logic programming. Finally, agent-based principles, technologies, and methods will be exploited as the
foundations for the engineering of intelligent systems.

6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the desigh methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 30376 - 2 - BUSINESS INTELLIGENCE ING-INF/05 IINF-05/A 6 40/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso lo studente conosce in modo approfondito i sistemi di data warehouse, con particolare riferimento alle architetture e alle tecniche di analisi dei dati, e le principali tecnologie alla base dei

sistemi di business intelligence. E altresi in grado di condurre un progetto di data warehouse attraverso le sue fasi di analisi delle sorgenti dati e dei requisiti, e di progettazione concettuale, logica, fisica e
dell'alimentazione.

Obiettivi inglese: After the course, the student is skilled in business intelligence architectures and functionalities. In particular, the student is capable of designing and administrating enterprise data warehouses.
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6699 000 000 C8653 - 1 - DATA-CENTRIC Al ING-INF/05 IINF-05/A 6 25/0/35/0 No

Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:
Obiettivi: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to critically

analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related to data
bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

Obiettivi inglese: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to

critically analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related
to data bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

6699 000 000 C8658 - 2 - HIGH PERFORMANCE COMPUTING E INFRASTRUTTURE COMPLESSE ING-INF/05 IINF-05/A 6 26/0/26/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso lo studente possiede competenze teoriche e pratiche sulle infrastrutture ad alte prestazioni (HPC) e sugli strumenti moderni per la gestione di ambienti complessi, virtualizzati e scalabili.
Lo studente conosce e sa applicare principi, metodi e tecnologie riguardanti virtualizzazione, orchestrazione di applicazioni containerizzate, Infrastructure as Code, gestione di cloud privati e programmazione
parallela. E infine capace di effettuare I'analisi e la progettazione di infrastrutture HPC scalabili moderne.

Obiettivi inglese: Upon completion of the course, the student possesses theoretical and practical skills in high-performance computing (HPC) infrastructure and modern tools for managing complex, virtualized and
scalable systems. The student understands and is able to apply principles, methods, and technologies related to virtualization, containerized application orchestration, Infrastructure as Code, private cloud
management, and parallel programming. The student knows how to analyze and design modern scalable HPC infrastructures.

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No

Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in

the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.
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6699 000 000 73435 - 2 - PROJECT MANAGEMENT ING-INF/05 IINF-05/A 6 44/0/16/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Al termine del corso lo studente:

- conosce i principi base del Project Management e ha padronanza degli approcci riscontrabili nel settore della produzione di software, partendo da quelli piu tradizionali fino agli approcci iterativi e adattivi tipici delle
metodologie "agile";

- conosce qualche strumento di supporto alla gestione di progetti e ha approfondito alcuni aspetti pratici anche con esercitazioni di laboratorio;

- € in grado di partecipare e/o gestire un progetto di sviluppo software.

Obiettivi inglese: At the end of the course students: - know the basic principles of Project Management and can manage different approaches used in software production, from the most traditional ones to the iterative
and adaptive approaches typical of the “agile” project management; - know some tools used in project management and have gained a better understanding of some practical aspects also through practical exercises;
- can participate in or manage a software development project.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of
modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the
application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

6699 000 000 BOO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.
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6699 000 000 29443 - 2 - VISIONE ARTIFICIALE E RICONOSCIMENTO ING-INF/05 IINF-05/A 6 34/0/22/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti le nozioni e gli strumenti necessari per la progettazione e realizzazione di sistemi automatici in grado di analizzare immagini digitali ai fini della localizzazione e
riconoscimento di oggetti.

Al termine del corso, anche grazie all'attivita di laboratorio, lo studente sara in grado di:

- progettare un sistema di visione in grado di analizzare il contenuto di un'immagine digitale;

- sviluppare algoritmi di visione basati su tecniche classiche di machine learning, feature hand-crafted (colore forma tessitura), key-point e descrittori locali;

- addestrare e ottimizzare reti neurali per problemi di classificazione, localizzazione, segmentazione semantica.

Obiettivi inglese: The course aims to provide students with the knowledge and tools necessary for the design and implementation of automated systems capable of analyzing digital images for the purpose of object
localization and recognition.

At the end of the course, also thanks to the laboratory activities, students will be able to:

- design a vision system capable of analyzing the content of a digital image;

- develop vision algorithms based on classical machine learning technigues, hand-crafted features (color, shape, texture), key points, and local descriptors;
- train and optimize neural networks for classification, localization, and semantic segmentation tasks.

6699 000 000 42500 - 2 - WEB SEMANTICO ING-INF/05 IINF-05/A 6 48/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso, lo studente:

- conosce i concetti, gli standard e i linguaggi del Web Semantico (RDF, RDFS, OWL, SPARQL, SWRL);

- sa progettare e interrogare Knowledge Graphs, integrando dati secondo I'approccio Linked Data;

- acquisisce competenze nello sviluppo di applicazioni semantiche e nell'uso di tecnologie come il reasoning e la semantic search;

- € in grado di analizzare progetti esistenti e sviluppare prototipi in domini applicativi scelti.

Obiettivi inglese: At the end of the course, the student:

- understands the key concepts, standards, and languages of the Semantic Web (RDF, RDFS, OWL, SPARQL, SWRL);
- is able to design and query Knowledge Graphs, integrating data according to the Linked Data approach;

- acquires skills in developing semantic applications and using technologies such as reasoning and semantic search;

- is capable of analyzing existing projects and developing prototypes in selected application domains.

Gruppo: Attivita per la scelta libera

TAF: D Ambito: 1008 - A scelta dello studente TAF secondaclasse: D Ambito seconda classe: A scelta dello studente

Cfu min: 12 Cfu max: 12
Note: Il corso di laurea magistrale propone tutti gli esami indicati nella scelta guidata e gli esami sottoelencati. Lo studente pud scegliere anche tra tutti gli esami attivati in altri corsi di laurea magistrale dell'Ateneo, solo nel

caso in cui la scelta ricada su insegnamenti attivi in corsi di laurea triennali dell'Ateneo, la stessa deve essere sottoposta ad approvazione da parte della Commissione Pratiche Studenti che ne valutera la congruenza con il
piano formativo complessivo.

Attivita formativa TIP SSD SSD 2024 TAF CFU ORE F/ELIN FREQ. VER.
6699 000 000 B0O009 - 2 - ADVANCED SOFTWARE MODELLING AND DESIGN ING-INF/05 IINF-05/A 6 30/0/20/0 No Voto
Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-physical
systems, smart cities, and large 10T systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted programming).
The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.
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Obiettivi inglese: The goal of this course is to enhance the abilities of prospective software architects and engineers to construct reliable and dependable software systems in complex scenarios (including cyber-
physical systems, smart cities, and large loT systems) and featuring Al and Generative Al both in software components (e.g., intelligent agents) and in the software development process (e.g., Al-assisted
programming).

The student will learn to:

- model and design computational systems featuring non-determinism, stochasticity, large-scaleness, and intelligence;

- adopt advanced programming language constructs, techniques and design patterns to address complex software system specifications and development;

- rigorously address system requirements adopting techniques of software testing, simulation and verification;

- exploit Generative Al to assist and automate the software development process in its various stages.

6699 000 000 C8654 - 1 - AGENTI INTELLIGENTI ING-INF/05 IINF-05/A 6 40/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti una solida comprensione degli agenti intelligenti e dei sistemi multi-agente (MAS), concentrandosi sia sui fondamenti teorici sia sulle applicazioni pratiche. Si
esploreranno concetti chiave come I'autonomia, le architetture basate su agenti, il ragionamento automatico, e le reti Bayesiane. Gli studenti analizzeranno inoltre paradigmi emergenti, tra cui agentic Al e gli agenti

neuro-simbolici, e acquisiranno esperienza pratica con tecnologie e piattaforme per la creazione e I'implementazione di agenti intelligenti, programmazione logica inclusa. Infine, i principi, le tecnologie, e i metodi
basati sugli agenti verranno utilizzati quali fondamenti per l'ingegneria dei sistemi intelligenti.

Obiettivi inglese: The course aims at providing students with a solid understanding of intelligent agents and multi-agent systems (MAS), focusing on both theoretical foundations and practical applications. It explores
key concepts such as autonomy, agent-based architectures, automatic reasoning, and Bayesian networks. Students will examine emerging paradigms, including agentic Al and neuro-symbolic agents, and will gain

hands-on experience with technologies and platforms for building and deploying intelligent agents, including logic programming. Finally, agent-based principles, technologies, and methods will be exploited as the
foundations for the engineering of intelligent systems.

6699 000 000 81932 - 2 - BIG DATA ING-INF/05 IINF-05/A 6 25/0/25/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

Obiettivi inglese: At the end of the course, the student:

- Knows the applications of Big Data technologies and the respective challenges

- Knows the available hardware and software architectures to define a Data Platform

- Knows the techniques for data storage in distributed file systems and databases

- Knows and uses the languages and programming paradigms typically adopted in this kind of systems

- Knows the design methodologies and the advanced Data Platform solutions (e.g., Lakehouse) for the different kinds of Big Data applications

- Acquires practical expertise in using the different technologies through laboratory and projects. Applications will be developed locally and deployed on a cluster (on-premise or in the cloud, subject to availability).
Main technologies are based on the Apache Hadoop-Spark-Kafka stack.

6699 000 000 30376 - 2 - BUSINESS INTELLIGENCE ING-INF/05 IINF-05/A 6 40/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso lo studente conosce in modo approfondito i sistemi di data warehouse, con particolare riferimento alle architetture e alle tecniche di analisi dei dati, e le principali tecnologie alla base dei
sistemi di business intelligence. E altresi in grado di condurre un progetto di data warehouse attraverso le sue fasi di analisi delle sorgenti dati e dei requisiti, e di progettazione concettuale, logica, fisica e
dell'alimentazione.

Obiettivi inglese: After the course, the student is skilled in business intelligence architectures and functionalities. In particular, the student is capable of designing and administrating enterprise data warehouses.
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6699 000 000 C8653 - 1 - DATA-CENTRIC Al ING-INF/05 IINF-05/A 6 25/0/35/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to critically

analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related to data
bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

Obiettivi inglese: In this course, students learn how to improve the effectiveness of Al solutions by focusing on data quality and management. More specifically, by the end of the course, students will be able to

critically analyze a dataset and enhance the explainability of Al systems, apply techniques for feature selection and engineering, perform data curation, cleaning, and augmentation, identify and mitigate issues related
to data bias, apply Auto-ML techniques, and design applications following the ML-Ops approach.

6699 000 000 91250 - 2 - DEEP LEARNING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto

Ambito: 1008 - A scelta dello studente D

Ambito seconda classe:

Obiettivi: Il corso ha l'obiettivo di fornire agli studenti competenze avanzate (sia teoriche che pratiche) nell'ambito del machine learning, con particolare riferimento al deep learning. Al termine del corso, anche grazie
all'attivita di laboratorio, lo studente sara in grado di:

- addestrare/ottimizzare in maniera approfondita sistemi in grado di apprendere in maniera automatica;

- selezionare e personalizzare la tecnica di machine learning piu opportuna da utilizzare in ambiti applicativi reali;

- utilizzare tecniche avanzate in ambito deep learning.

Obiettivi inglese: The course aims at providing advanced skills (both theoretical and practical) on machine learning and, in particular, on deep learning.
At the end of the course the student will be able to:

- in-depth train and optimize deep learning approaches;

- choose and customize the most appropriate techniques to be used in real application scenarios;

- use advanced deep learning techniques.

6699 000 000 C8662 - 2 - GESTIONE DELLE RETI DI TELECOMUNICAZIONI ING-INF/03 IINF-03/A 6 60/0/0/0 No Voto

Ambito: 1008 - A scelta dello studente D

Ambito seconda classe:

Obiettivi: Al termine del corso lo studente conosce in modo approfondito i principi generali e le tecnologie di gestione tipicamente utilizzate nelle moderne reti di telecomunicazioni. Sa valutare il comportamento di nodi
di rete attraverso l'uso di modelli di base di analisi delle prestazioni e di dimensionamento delle risorse. Conosce i principali strumenti utilizzati per I'automazione e la gestione intelligente delle reti.

Obiettivi inglese: At the end of the course, the student will have an in-depth understanding of the general principles and technologies typically used for the management of modern telecommunication networks. The

student will be able to evaluate the behavior of network nodes by means of basic performance analysis and resource dimensioning models. The student will be familiar with the main software tools used for network
automation and intelligent network management.

6699 000 000 C8658 - 2 - HIGH PERFORMANCE COMPUTING E INFRASTRUTTURE COMPLESSE ING-INF/05 IINF-05/A 6 26/0/26/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:
Obiettivi: Al termine del corso lo studente possiede competenze teoriche e pratiche sulle infrastrutture ad alte prestazioni (HPC) e sugli strumenti moderni per la gestione di ambienti complessi, virtualizzati e scalabili.

Lo studente conosce e sa applicare principi, metodi e tecnologie riguardanti virtualizzazione, orchestrazione di applicazioni containerizzate, Infrastructure as Code, gestione di cloud privati e programmazione
parallela. E infine capace di effettuare I'analisi e la progettazione di infrastrutture HPC scalabili moderne.

Obiettivi inglese: Upon completion of the course, the student possesses theoretical and practical skills in high-performance computing (HPC) infrastructure and modern tools for managing complex, virtualized and
scalable systems. The student understands and is able to apply principles, methods, and technologies related to virtualization, containerized application orchestration, Infrastructure as Code, private cloud
management, and parallel programming. The student knows how to analyze and design modern scalable HPC infrastructures.
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6699 000 000 81934 - 2 - HUMAN COMPUTER INTERACTION ING-INF/05 IINF-05/A 6 24/0/30/0 No Voto

Ambito: 1008 - A scelta dello studente D

Ambito seconda classe:

Obiettivi: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

Obiettivi inglese: At the end of the course, the student:

- understands the principles and methodologies for designing interaction systems with a computer system;
- understands theories and methodologies for evaluating interface usability;

- understands the principles and methodologies of User Experience and Experience Design.

6699 000 000 C8834 - 2 - HUMAN-CENTERED Al INF/O1 INFO-01/A 6 32/0/16/0 No Voto

Ambito: 1144 - Attivita' formative affini o integrative c

Ambito seconda classe:

Obiettivi: Al termine del corso, gli studenti saranno in grado di:

- Comprendere e contestualizzare la Human-Al Interaction

- Progettare sistemi di Al centrati sul'uomo

- Valutare le prestazioni congiunte di sistemi Human-Al

- Valutare la Trustworthiness di un sistema di Al con particolare focus su Robustness and safety, Explainability, e Sustainability
- Comunicare e rendere trasparente il comportamento di un sistema di Al

- Analizzare e confrontare diverse forme di interazione uomo-robot

- Conoscere i principi fondamentali dell'Al Act e i regolamenti relativi allo sviluppo di sistemi di Al.

Obiettivi inglese: At the end of the course, students will be able to:

- Understand and contextualize Human-Al Interaction

- Design human-centered Al systems

- Evaluate the joint performance of Human-Al systems

- Evaluate the trustworthiness of an Al system with a focus on robustness and safety, explainability, and sustainability
- Communicate and make transparent the behavior of an Al system

- Analyze and compare different forms of human-robot interaction

- Know the fundamental principles of the Al Act and the regulations governing the development of Al systems.

6699 000 000 91411 - 2 - INTELLIGENT ROBOTIC SYSTEMS ING-INF/05 IINF-05/A 6 45/0/15/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:
Obiettivi: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in the

physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.

Obiettivi inglese: At the end of the course, students have acquired knowledge and competencies for designing a system composed of one or more robots (here, we call "robot" an autonomous system which exists in
the physical world, can sense its environment and can act on it to achieve some goals). In particular, students know the main models, methods, architectures and tools for programming robots equipped with nontrivial
computational and cognitive capabilities.
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6699 000 000 C8664 - 2 - LABORATORY OF NETWORK SECURITY AND PROGRAMMABILITY ING-INF/05 IINF-05/A 6 20/0/40/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure. The
student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance network
monitoring tasks with the scope to guarantee network security and integrity.

Obiettivi inglese: The student will learn the modern network programming and automation methodologies, the related enabling technologies and their application to the management of cloud computing infrastructure.
The student will learn the difference between data and control plane based network programming and will experience in practice some basic use cases. The student will learn to apply these concepts to advance
network monitoring tasks with the scope to guarantee network security and integrity.

6699 000 000 91258 - 2 - NATURAL LANGUAGE PROCESSING ING-INF/05 IINF-05/A 6 36/0/24/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Gli studenti apprenderanno metodi, algoritmi e modelli di Natural Language Processing (NLP) moderni, con enfasi su large language models (LLMs) come principale innovazione NLP nell'Intelligenza
Artificiale. Il corso tratta la progettazione, I'addestramento, il fine-tuning e la valutazione di architetture generative basate su transformer ed emergenti, orientate anche a reasoning ed explainability. Il corso include
prompt engineering, retrieval-augmented generation (RAG), approcci multilingue e multimodali, knowledge injection con graph neural networks e graph embeddings. Gli studenti esploreranno tecniche avanzate come
mixture-of-experts, parameter-efficient fine-tuning, knowledge distillation, efficient attention mechanisms e test-time scaling. Queste tecnologie abilitano lo sviluppo di applicazioni robuste, efficienti e scalabili come
chatbots, summarization, information extraction, retrieval, LLM agents in NLP tasks, document classification.

Obiettivi inglese: Students will learn modern Natural Language Processing (NLP) methods, algorithms and models, with emphasis on large language models (LLMs) as key NLP breakthroughs in Artificial Intelligence.
The course covers the design, training, fine-tuning and evaluation of generative transformer-based and emerging architectures supporting also reasoning and explainability. It includes prompt engineering, retrieval-
augmented generation (RAG), multilingual and multimodal approaches, knowledge injection involving graph neural networks and graph embeddings. Students will explore cutting-edge techniques such as Mixture-of-
Experts, parameter-efficient fine-tuning, knowledge distillation, efficient attention mechanisms and test-time scaling. These technologies enable the development of robust, efficient and scalable applications such as
chatbots, summarization, information extraction, retrieval, LLM agents in NLP tasks, document classification.

6699 000 000 95638 - 2 - OPERATIONAL ANALYTICS ING-INF/05 IINF-05/A 6 28/0/20/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal course
of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies on
machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

Obiettivi inglese: This course focuses on transforming data into better decisions. Specifically, it covers how to model future data uncertainties, predict the outcomes of alternative policy choices, and select the optimal
course of action amidst uncertainties. The course provides the broad knowledge and skill base required to design and implement prescriptive analytics solutions for real-world problems. The forecasting section relies
on machine learning methods (including statistical, neural and ensemble methods), while the optimization section covers search, specifically heuristic search and basic operational research methods.

To succeed in the course, you will need a basic knowledge of probability and statistics, integer linear optimization, and linear algebra. Intermediate knowledge of Python programming and Excel formulas and functions
is also expected.

6699 000 000 73435 - 2 - PROJECT MANAGEMENT ING-INF/05 IINF-05/A 6 44/0/16/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Al termine del corso lo studente:

- conosce i principi base del Project Management e ha padronanza degli approcci riscontrabili nel settore della produzione di software, partendo da quelli piu tradizionali fino agli approcci iterativi e adattivi tipici delle
metodologie "agile";

- conosce qualche strumento di supporto alla gestione di progetti e ha approfondito alcuni aspetti pratici anche con esercitazioni di laboratorio;

- € in grado di partecipare e/o gestire un progetto di sviluppo software.

Obiettivi inglese: At the end of the course students: - know the basic principles of Project Management and can manage different approaches used in software production, from the most traditional ones to the iterative
and adaptive approaches typical of the “agile” project management; - know some tools used in project management and have gained a better understanding of some practical aspects also through practical exercises;
- can participate in or manage a software development project.
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6699 000 000 96994 - 1 - SMART VEHICULAR-SYSTEMS ING-INF/05 IINF-05/A 6 24/0/24/0 No Voto

Ambito: 214 - Ingegneria informatica B
Ambito seconda classe:
Obiettivi: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial intelligence

challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory activities will
enable students to gain practical experience in modeling and validating solutions for mobility.

Obiettivi inglese: The course provides advanced knowledge of the principles and technologies underlying autonomous and connected vehicles, with particular focus on communication, mobility, and artificial
intelligence challenges. Students will learn how to analyze real-world application scenarios, design system architectures, and use simulation and development tools for autonomous vehicular systems. Laboratory
activities will enable students to gain practical experience in modeling and validating solutions for mobility.

6699 000 000 C8656 - 2 - SOFTWARE ARCHITECTURES AND PLATFORMS ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the application of
modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical systems and
the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

Obiettivi inglese: The goal of this course is to introduce the essential concepts of software architecture and related abilities expected for a software architect in the practice of software engineering, including the
application of modern architectures (e.g. Service-Oriented Architectures and REST, microservices, event-driven Architectures, cloud-computing architectures) to concrete application contexts, including cyber-physical
systems and the loT.

The student will learn to:

- analyze how a software architecture relates to an organization and identify its quality attributes;

- design software architectures using fundamental principles, patterns, and styles;

- implement, deploy and manage software architectures using proper software platforms;

- document and evaluate software architectures, using standard languages (e.g. UML) and tools.

6699 000 000 BOO11 - 2 - SOFTWARE PROCESS ENGINEERING ING-INF/05 IINF-05/A 6 30/0/30/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex software
following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.

Obiettivi inglese: By the end of the course, the student is expected to (i) master advanced techniques for organising the software development process, and to (ii) be able to set up, evolve, and maintain complex
software following an agile approach.

In particular, the student will acquire conceptual and practical skills involving modern version control systems, build automation, multi-platform and multi-target testing, continuous integration, and continuous delivery.
The student will also become familiar with relevant notions and practices in software engineering (and their rationale) such as software licensing (with a focus on open source products) and versioning.

Finally, the student will train their capability of performing domain-first analyses before development, in a technology-independent fashion, leveraging approaches such as Domain-Driven (DDD) and Model Driven
(MDD) development.

To support these approaches, the student will be informed about advanced practices, such as the definition of domain-specific languages (DSLs) and the corresponding code generators, as well as the development
of language-internal DSLs in modern programming languages.
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6699 000 000 29443 - 2 - VISIONE ARTIFICIALE E RICONOSCIMENTO ING-INF/05 IINF-05/A 6 34/0/22/0 No Voto

Ambito: 102 - Discipline informatiche B

Ambito seconda classe:

Obiettivi: Il corso ha I'obiettivo di fornire agli studenti le nozioni e gli strumenti necessari per la progettazione e realizzazione di sistemi automatici in grado di analizzare immagini digitali ai fini della localizzazione e
riconoscimento di oggetti.

Al termine del corso, anche grazie all'attivita di laboratorio, lo studente sara in grado di:

- progettare un sistema di visione in grado di analizzare il contenuto di un'immagine digitale;

- sviluppare algoritmi di visione basati su tecniche classiche di machine learning, feature hand-crafted (colore forma tessitura), key-point e descrittori locali;

- addestrare e ottimizzare reti neurali per problemi di classificazione, localizzazione, segmentazione semantica.

Obiettivi inglese: The course aims to provide students with the knowledge and tools necessary for the design and implementation of automated systems capable of analyzing digital images for the purpose of object
localization and recognition.

At the end of the course, also thanks to the laboratory activities, students will be able to:

- design a vision system capable of analyzing the content of a digital image;

- develop vision algorithms based on classical machine learning technigues, hand-crafted features (color, shape, texture), key points, and local descriptors;
- train and optimize neural networks for classification, localization, and semantic segmentation tasks.

6699 000 000 42500 - 2 - WEB SEMANTICO ING-INF/05 IINF-05/A 6 48/0/10/0 No Voto

Ambito: 102 - Discipline informatiche B
Ambito seconda classe:

Obiettivi: Al termine del corso, lo studente:

- conosce i concetti, gli standard e i linguaggi del Web Semantico (RDF, RDFS, OWL, SPARQL, SWRL);

- sa progettare e interrogare Knowledge Graphs, integrando dati secondo I'approccio Linked Data;

- acquisisce competenze nello sviluppo di applicazioni semantiche e nell'uso di tecnologie come il reasoning e la semantic search;

- € in grado di analizzare progetti esistenti e sviluppare prototipi in domini applicativi scelti.

Obiettivi inglese: At the end of the course, the student:

- understands the key concepts, standards, and languages of the Semantic Web (RDF, RDFS, OWL, SPARQL, SWRL);
- is able to design and query Knowledge Graphs, integrating data according to the Linked Data approach;

- acquires skills in developing semantic applications and using technologies such as reasoning and semantic search;

- is capable of analyzing existing projects and developing prototypes in selected application domains.

Gruppo: Prova finale

TAF: E Ambito: 1018 - Per la prova finale TAF seconda classe: E  Ambito seconda classe: Per la prova finale
Cfu min: 24 Cfu max: 24

Note: Lo studente deve scegliere uno dei seguenti gruppi. Lo studente che opta per il gruppo B integra la prova finale da 6 CFU con un'altra attivita fra quelle elencate.

Attivita formativa SSD SSD 2024 TAF CFU ORE F/E/LIN FREQ. VER.
Gruppo A 0-24
6699 000 000 17268 - 2 - PROVA FINALE 24 0/0/0/0 No

Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine della prova finale, lo studente ¢ in grado di lavorare in modo autonomo, con piena padronanza degli strumenti culturali propri dell'informatica, e di esporre e discutere con chiarezza e
consapevolezza i risultati di un progetto originale di ricerca, di natura sperimentale o teorica, su un tema specifico.
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Gruppo B 0-24
6699 000 000 35199 - 2 - PROVA FINALE 6 0/0/0/0 No
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine della prova finale, lo studente € in grado di lavorare in modo autonomo, con piena padronanza degli strumenti culturali propri dell'informatica, e di esporre e discutere con chiarezza e
consapevolezza i risultati di un progetto originale di ricerca, di natura sperimentale o teorica, su un tema specifico.

Lo studente deve integrare la prova finale da 6 CFU con un'altra attivita fra quelle elencate 0-18
6699 000 000 81355 - 2 - PREPARAZIONE PROVA FINALE ALL'ESTERO 18 0/0/450/0 No Giudizio
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine della preparazione alla prova finale lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca mediante la
partecipazione alle attivita di strutture estere, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente & in grado di interagire con

diverse realta professionali operando anche in team di progettazione compositi, ed € in grado di sviluppare - anche in lingua straniera - le proprie abilita comunicative sia interpersonali sia in termini di
documentazione tecnica.

6699 000 000 81959 - 2 - TIROCINIO ALL'ESTERO IN PREPARAZIONE DELLA PROVA FINALE 18 0/0/450/0 No Giudizio
Ambito: 1018 - Per la prova finale E

Ambito seconda classe:

Obiettivi: Al termine del tirocinio all'estero in preparazione alla prova finale lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca
mediante la partecipazione alle attivita di strutture estere, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente € in grado di

interagire con diverse realta professionali operando anche in team di progettazione compositi, ed € in grado di sviluppare - anche in lingua straniera - le proprie abilita comunicative sia interpersonali sia in termini di
documentazione tecnica.

6699 000 000 70441 - 2 - TIROCINIO IN PREPARAZIONE DELLA PROVA FINALE 18 0/0/450/0 No Giudizio
Ambito: 1018 - Per la prova finale X

Ambito seconda classe:

Obiettivi: Al termine del tirocinio in preparazione alla prova finale (tesi in azienda) lo studente aggiunge alle abilita relative alla prova finale in generale la conoscenza diretta di possibili ambiti professionali e di ricerca
mediante la partecipazione alle attivita di strutture esterne all'Universita, che operano in modo coerente con gli obiettivi formativi del corso di studio sull'argomento scelto per la prova finale. In particolare, lo studente

€ in grado di interagire con diverse realta professionali operando anche in team di progettazione compositi, ed € in grado di sviluppare - anche in lingua straniera - le proprie abilitd comunicative sia interpersonali sia
in termini di documentazione tecnica.
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Legenda:

CFU: crediti formativi universitari

TAF: tipologia attivita formativa (A-di base; B-caratterizzanti; C-affini o integrative; F-ulteriori attivita formative; D-a scelta autonoma dello studente; S- stages e tirocini presso
imprese, enti pubblici o privati, ordini professionali; E-per la prova finale)

SSD: settore scientifico disciplinare

F/E/L/N: indica le ore Frontali/Esercitazioni/Laboratori/Ore di esercitazione e/o laboratorio tenute da non docenti

Freq.: segnala I'esistenza di un obbligo di frequenza

Ver.: indica la modalita di verifica del profitto finale

TIP.: indica la tipologia delle forme didattiche. Queste possono essere CON: convenzionali, E-L: in e-learning, MIX: miste, C/E: convenzionali e/o e-learning. Il corso di studio
puo definire annualmente una delle modalita.



