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1 Introduction

The present document is a report about the research activity carried out in 2021 at the
Department of Computer, Control, and Management Engineering “ Antonio Ruberti” (DIAG) of
the Sapienza University of Rome. DIAG (formerly known as DIS - Dipartimento di Informatica
e Sistemistica “Antonio Ruberti”) was established in 1983 as an evolution of the Istituto di
Automatica; in 2001 it was named after Antonio Ruberti, the eminent scholar who founded it.
For many years DIAG was distributed over three sites far apart from each other. In May 2007 it
moved to the completely renewed premises of Via Ariosto 25, in the center of Rome. In 2011 the
department changed its Italian name to the new Dipartimento di Ingegneria informatica,
automatica e gestionale “Antonio Ruberti” with the aim of better representing its current
expertise and interests. DIAG is a center for research and education at the undergraduate and
graduate levels in computer, system, and management sciences. Basic research is the main goal
of DIAG, with a strong emphasis on interdisciplinary research, on applications that stimulate
basic research, and with a specific attention to technology transfer and dissemination of results.
Collaborations are maintained with researchers in other university departments, research
institutions and companies, in Italy and abroad. The main educational goal is to prepare
students for professional, research and teaching careers either in universities or in industries in
information technologies, automation, and management. The faculty of DIAG in 2021 consists
of 36 full professors, 38 associate professors, and 27 assistant professors (ricercatori). They offer
educational services at undergraduate and graduate level to several programs of the two
schools of Engineering at Sapienza (Facolta di Ingegneria dell'Informazione, Informatica e
Statistica and Facolta di Ingegneria civile ed industriale), and at graduate level to the Master in
Product Design, of the school of Architecture (Facolta di Architettura), with main responsibility
in the curricula in informatics, systems and control, and engineering management. Details about
teaching activities are not reported in this document; a description may be found
at http://www.diag.uniromal.it, under section “Teaching”. DIAG offers also two PhD
programs, and cooperates with a PhD program offered by another department. They are briefly
described in Section 2.4 of this report. DIAG's research activity is organized in 6 research areas,
each composed of one or more research groups. An overview of the groups is reported in
Section 3, together with the list of people involved, in 2021.

2 General Information

2.1 Location

The location of DIAG is the building formerly known as “Scuola Silvio Pellico”, in Via
Ariosto 25, Rome. DIAG is on the web at http://www.diag.uniromal.it.

2.2 Facilities

Library

Founded in 1969, the Library of the Department collects books and periodicals related to
computer science, control theory, robotics and management engineering. It owns over
12,000 volumes and 450 periodicals. The Library complements its collection with user access
to all the key online resources, bibliographic databases, eBooks (accessible both on the


http://www.diag.uniroma1.it/
http://www.diag.uniroma1.it/

library website and in the central online catalog), and scientific content discovery services.
In particular, the Library provides access to the main databases in IT and management, i.e.,
IEEE Library, ACM Library and Derwent Innovation. The Library is open from Monday to
Friday 8.30 - 19.30, Saturday 9:00 -13:00. There are two reading rooms available for students,
for a total of 87 places. The Library facilities are also available to students and faculty of
other departments and universities. In addition to the normal librarian activity, the Library
organized presentations of the department’s degree courses (OpenDIAG), conferences on
specific topics, and book presentations. The Library has also organized a project for the
Alternanza Scuola Lavoro for 20 secondary school students. Finally, the Library staff helps
professors to insert the research products in the IRIS database.

Research Laboratories

Several research laboratories pertain to DIAG. The following list reports name, location,
purpose, and the person in charge for each of them.

ALCOR - Vision, Perception and Learning Robotics Laboratory

Via Ariosto 25 - basement

The laboratory is devoted to the development of autonomous systems for operating in
unstructured and rescue environments, as well as vision based systems for navigation,
environment reconstruction and recognition.

Web: http://www.diag.uniromal.it/alcor

Head: Fiora Pirri

BiBiLab - Bioengineering and Bioinformatics Laboratory

Via Ariosto 25 - basement

The laboratory aims to develop interdisciplinary methodologies by integrating diverse
fields, such as signal processing, computer science, systems science, and statistics applied
to medical and biological sciences, specifically including: modeling of metabolic systems,
information processing from raw molecular biological data to solve interesting biological
and medical problems, non-invasive estimation of the electrical activity and functional
connectivity of the human brain, development of brain-computer interfaces for assistive
and rehabilitation purposes.

Web: https://www.dis.uniromal.it/node/18225

Head: Laura Astolfi

Data And Service Integration Laboratory (DASILab)

Via Ariosto 25 - room B213, wing B2

The laboratory is devoted to the development of software research prototypes for service-
based and data-integration systems.

Web: https://www.dis.uniromal.it/node/18228

Head: Maurizio Lenzerini

DIAG Robotics Lab
Via Ariosto 25 - basement
The laboratory focuses on the development of advanced planning and control techniques



for both industrial and service robots. Experimental validation takes place on fixed-base
manipulators, mobile robots, humanoids and flying robots.

Web: http://www.diag.uniromal.it/labrob

Head: Giuseppe Oriolo

E-learning systems and applications laboratory (ELSA)

Via Andrea Doria 5 (Latina)

In the laboratory, advanced e-learning strategies for robotics and control systems are
addressed, developed, implemented and tested through the use of real devices (mobile
and articulated robots) available by a web based connection.

Web: http://infocli31.dislt.uniromal.it/elsa

Head: Paolo Di Giamberardino

Network Control Laboratory

Via Ariosto 25 - room A215, wing A2

The laboratory is devoted to the design, simulation, and experimental validation of
advanced resource management, service management and interoperability management
procedures for wireless and wired telecommunication networks as well as in energy
distribution networks.

Web: http://diag.uniromal.it/nclab/

Head: Francesco Delli Priscoli

Research Center of Cyber Intelligence and Information Security (CIS)

Via Ariosto 25 - wing B1

It is a multidisciplinary center developing new knowledge and operational methodologies
to gather relevant information from cyber and physical environments and to transform it
through intelligence processes in enriched information that can be used to prevent
incidents that can harm the society by creating at the same time smarter complex systems.
Web: http://www.cis.uniromal.it/

Head: Alberto Marchetti Spaccamela

ROCOCO - COgnitive COoperating RObots Laboratory

Via Ariosto 25 - basement

The laboratory deals with the experimental activities aiming at the implementation of
intelligent robots, in several application domains, including agricultural robotics, robots
for cultural heritage and service robots. The laboratory is responsible of the SPQR team,
which participates in several international robotics competitions.

Web: http://www.diag.uniromal.it/labrococo/

Head: Daniele Nardi

Systems and Control Laboratory

Via Ariosto 25 - basement

The laboratory is devoted to the development and experimental verification of new
control strategies.

Web: http://www.diag.uniromal.it/"syscon/

Head: Paolo Di Giamberardino



Web Algorithmics and Data Mining Laboratory (WADAM)

Via Ariosto 25 - room A220, wing A2

The laboratory is devoted to the design of algorithms for web and data-mining related
problems.

Web: http://wadam.diag.uniromal.it

Head: Aris Anagnostopoulos

Wireless Sensor Networks Laboratory

Via Ariosto 25 - basement

The laboratory is devoted to the development and experimental verification of protocols
and algorithms for WSNs.

Web: https://www.dis.uniromal.it/node/18236

Head: Andrea Vitaletti

Educational Laboratories

DIAG manages also two educational laboratories of the School of Engineering, located
outside the DIAG building and used for hands-on teaching and for studying. These are
named after Paolo Ercoli, the founder of the Computer science component of the
department.

Computer Science Laboratory Paolo Ercoli for introductory courses
Via Tiburtina 205, Roma

About 150 stations are available for undergraduate teaching.
Web: http://tibur.diag.uniromal.it

Head: Camil Demetrescu

PC and Workstations Laboratory Paolo Ercoli for advanced courses

Via Eudossiana 18, Roma

About 75 PC and workstations are available for the graduate teaching.
Web: http://www.ing.uniromal.it

Head: Umberto Nanni

2.3 People

Head of department: Tiziana CATARCI
Administration head: Fabio TUFILLI

Professors

Aris ANAGNOSTOPOULOS Luigia CARLUCCI AIELLO (former
Giorgio AUSIELLO (former distinguished distinguished professor)

professor) Tiziana CATARCI

Alessandro AVENALI Febo CINCOTTI

Stefano BATTILOTTI Cinzia DARAIO

Luca BENVENUTI Giuseppe DE GIACOMO



Alessandro DE LUCA

Francesco DELLI PRISCOLI

Camil DEMETRESCU

Gianni DI PILLO (former distinguished
professor)

Francisco FACCHINEI

Lorenzo FARINA

Luca IOCCHI

Alberto ISIDORI (former distinguished
professor)

Domenico LEMBO

Maurizio LENZERINI

Stefano LEONARDI

Stefano LUCIDI

Alberto MARCHETTI-SPACCAMELA

Massimo MECELLA
Salvatore MONACO

Associate professors

Irene AMERINI

Laura ASTOLFI

Luca BECCHETTI

Roberto BERALDI

Silvia BONOMI

Renato BRUNI

Claudia CALIFANO

Toannis CHATZIGIANNAKIS
Andrea CRISTOFARO
Idiano D'ADAMO

Tiziana D'ALFONSO
Fabrizio D'AMORE
Marianna DE SANTIS
Alberto DE SANTIS

Paolo DI GIAMBERARDINO
Alessandro DI GIORGIO
Francesca DI PILLO

Fabio FURINI

Nicola GALESI

Assistant professors (ricercatori)

Marco ANGELINI

Alessandro ANNARELLI

Pietro ARICO'

Thomas Alessandro CIARFUGLIA
Marco CONSOLE

Chiara CONTI

Emilio COPPA

Umberto NANNI
Daniele NARDI
Alberto NASTASI
Roberto NAVIGLI
Fabio NONINO
Giuseppe ORIOLO
Laura PALAGI
Chiara PETRIOLI
Veronica PICCIALLI
Pierfrancesco REVERBERI
Riccardo ROSATI
Antonio SASSANO
Marco SCHAERF
Marco SCIANDRONE
Fabrizio SILVESTRI

Giorgio GRISETTI
Daniela IACOVIELLO
Leonardo LANARI
Paolo LIBERATORE
Giorgio MATTEUCCI
Carlo MELONI
Christian NAPOLI
Paola PACI

Fabio PATRIZI
Antonio PIETRABISSA
Antonella POGGI
Leonardo QUERZONI
Massimo ROMA
Simone SAGRATELLA
Giuseppe SANTUCCI
Roberta SESTINI
Marco TEMPERINI
Marilena VENDITTELLI
Andrea VITALETTI

Daniele Cono D'ELIA
Giuseppe Antonio DI LUNA
Valerio DOSE

Adriano FAZZONE

Giulia FISCON

Luca FRACCASCIA
Alessandro GIUSEPPI



Riccardo LAZZERETTI
Francesco LEOTTA
Francesco LIBERATI
Giampaolo LIUZZI
Andrea MARRELLA
Riccardo MARZANO
Mattia MATTIONI

Post doc (research associates) and research assistant

Chiara ACCIARINI
Simone AGOSTINELLI
Giorgio BARNABO
Barbara BARROS CARLOS
Eleonora BERNASCONI
Georgios BIRMPAS

Luca BORZACCHIELLO
Lorenzo BRIGATO

Carlos Salvador CARBONE LORIO
Emma COLAMARINO
Anna Livia CROELLA
Massimiliano D'ANGELO
Luca DI GIAMMARINO
Antonio DI STASIO

Tomer EZRA

Giovanni FARINA

Paolo FERRARI

Marco FERRO

Francesco FRATTOLILLO
Federico FUSCO

Karim Kamal Mohamed Ashraf
GHONIM

Martina GREGORI

Administration staff

Adriano BENASSI
Antonella CANCELLIERI
Federica CANNELLI
Ugo CINELLI

Sara CIOTTI

Andrea DORI

Sabrina GIAMPAOLETTI
Luciano GRANDI

Giulia PALOMBI
Ramon Fraga PEREIRA
Manuela PETTI

Paolo RUSSO

Saverio SALZO

Jlenia TOPPI

Philip LAZOS

Simone LENTI

Valerio MODUGNO
Giuseppe PERELLI
Maria Grazia PUXEDDU
Giammarco QUAGLIA
Ilaria QUATTROCIOCCHI
Rebecca REIFFENHAUSER
Andrea RIBICHINI
Francesco RICCIO
Capobianco ROBERTO
Alessandro RONCA
Francesco SAPIO
Federico SCAFOGLIERI
Nicola SCIANCA
Antonio Maria SUDOSO
Vincenzo SURIANI
Andrea TORTORELLI
Giovanni TRAPPOLINI
Luigi VONA

Lun WANG

Shufang ZHU

Domenico MACARI
Giulia OLIVIERI
Marcello PANI

Roberta PROIETTI SEMPRONI

Tiziana TONI
Fabio TUFILLI
Concetta VELLA



2.4 Doctoral programs

DIAG hosts the PhD programs in Automatica, Bioengineering and Operations Research,
in Data Science and in Engineering in Computer Science.

Automatic Control, Bioengineering and Operations Research

Coordinator: Giuseppe Oriolo

The Academic Board of the PhD program in Automatic Control, Bioengineering and
Operations Research is coordinated by Giuseppe ORIOLO. This PhD program is the result
of merging the two former PhD programs in Systems Engineering and in Operations
Research, and has now three curricula, ie., Automatic Control, Bioengineering, and
Operations Research. The research topics are: systems theory, nonlinear and optimal
control, control applications, robotics, networked systems, metabolic systems,
neuroengineering, bioinformatics, bioelectrical signal processing, combinatorial
optimization, nonlinear programming, network design, neural networks, logistics.

PhD students
ILGRANDE Andrea
XXXII course SALGADO Esteban
ACETO Maria Laura TARANTOS Spyridon
ANTONACCT Yuri TRONCI Edoardo Maria
COLOMBO Tommaso
D'ANGELO Massimiliano XXXV course
FRANCO .Edu.ardo AGASUCCI Valerio
GRANI Giorgio DE SANTIS Emanuele
KHATIB Maram DE SETA Valeria
MOHAMMED Hayman Salih DI STEFANO Andrea
PUXEDDU Maria Grazia DONSANTE Manuel
LAZICH Aldo
XXXIII course PINTO Diego Maria
CURIA Francesco POLO Edoardo Maria
D'AGOSTINO Danny
MORESCHINI Alessio XXXVI course
ORNATELLI Antonio BELVEDERE Tommaso
PIERMARINI Christian CIPRIANO Michele
ROMITO'Francesco D'ONOFRIO Federico
ROSSI Mirko ‘ MENEGATTI Danilo
SECCIA Ruggiero MEROLLA Davide
TORTORELLI Andrea MONACI Marta
TANTUCCI Andrea
XXXIV course WRONA Andrea
BORESTA Marco
ELOBAID Mohamed

GERMANa Roberto



XXXVII course MONGIARDINI Elena

BRILLI Andrea ggg{éf(ga;lelce
COPPOLA Corrado anluca
D'AVINO Arcangelo

Data Science

Coordinator: Stefano Leonardi

The Academic Board of the PhD program in Data Science is coordinated by Stefano
LEONARDI. Data Science is an interdisciplinary field of study that has established itself
in recent years in order to offer the methodological tools and technologies necessary for
the management and analysis of big data and their valorisation in industry, services, and
search. The phenomenon of big data has revolutionized countless sectors of
economicsocial activity. The phenomenon of big data has also profoundly modified the
research methodologies and the development of technological innovation in numerous
disciplines and applications. The main objective of this PhD is the realization of
interdisciplinary research projects of Data Science that lead to the development of
innovative methodologies and technologies based on the use of big data in the following
tields of application:

e Advanced digital platforms,

¢ Management of urban spaces and environmental resources
¢ Medicine and health

¢ Economic and Social Analysis.

PhD students
ZECCHINI Marco
XXXIV course
BARNABb Giorgio XXXV course
FUSCO Federico ABRATE Carlo
LASTILLA Lorenzo BUCARELLI Maria Sofia
MARTINI Leonardo CINUS Federico
TRAPPOLINI Giovanni D'ACUNTO Gabriele
DENNI Riccardo
XXXV course DI TEODORO Giulia
BOHM Matteo GIUSTI Lorenzo
GUARRASI Valerio KAMAL Maryam
LANCIANO Tommaso MOGAVERO Francesco
MAIANO Luca SICILIANO Federico
MARCOCCHIA Andrea
MARSOCCI Valerio XXXVII course
MASTROPIETRO Andrea DI GIOVENALE Stefano
OBUKHOV Timur FUSO Federica

PASCULLI Giuseppe



Engineering in Computer Science

Coordinator: Luca Iocchi

The Academic Board of the PhD program in Engineering in Computer Science is
coordinated by Camil DEMETRESCU. The research topics include: theory of algorithms,
computer systems, databases, programming languages, theoretical computer science,

image processing, artificial intelligence, cognitive robotics, VLSI, computational logics,

performance evaluation, distributed software architectures, human-computer interaction,

computer networks and security.

PhD students

XXXII course

OBAIDA Hanteer
PUJA Francesco
SAMOILOV Filipp
WANG Lun

XXXIII course

ALQISE Irvin

COLOSI Mirco
CONOCI Stefano
CROCE Federico
D'INNOCENTE Antonio
GENTILI Michele
LENTI Simone
MASSARELLI Luca
MENGHINI Cristina
SAPIO Francesco
SCAFOGLIERI Federico
SILVESTRI Emiliano

XXXIV course

AGOSTINELLI Simone
ALATI Edoardo
BORZACCHIELLO Luca
BRIGATO Lorenzo

CARBONE LORIO Carlos Salvador

CARNA Stefano

CATACORA OCANA Jim Martin

CEVALLOS MORENO Jesus Fernando
FANTOZZI Paolo

FAVORITO Marco

FAWAKHER]I Mulham

FERRO Lauren Stacey

NAMICI Manuel

XXXV course

ANTONIONI Emanuele
BACOCCQO Duilio Luca
BERNASCONI Eleonora
BORRELLO Pietro
CHIARIELLO Francesco
ESTAKHRI ESTAHBANATI Mahboobeh
FEOLA Luigi

FERRACCI Serena
GUADAGNINO Tiziano
MAURO Lorenzo
PALLESCHI Alessia
PICCIONE Andrea
PROIETTI MATTIA Gabriele
UMILI Elena

XXXVI course

ARTUSO Fiorella
BARDHI Enkeleda
BAZZANA Barbara
BENVENUTI Dario
BRANDIZZI Nicolo'



BRUNORI Damiano
CARELLO Maria Patrizia
CONSOLE Francesca
CUOCI Marco

DI GIAMMARINO Luca
DI RETO Emiliano
GRAZHDANKIN Mikhail
KASZUBA Sara

LA ROSA Biagio
MARCONI Lorenzo
PIMPINI Adriano
SURIANI Vincenzo
VENERUSO Silvestro V.

XXXVII course

ALTAMURA Nicola
ASSAITIANTE Cristian
BATOOL Aiza

2.5 Visiting Scientists and Scholars

BRIZI Leonardo

DE MAGISTRIS Giorgio
FICARRA Giovanni
IEZZI Luca

MILANI Stefano
MONTI Flavia
ORLANDO Riccardo
PAPA Lorenzo
ROSSETTI Simone
SCANU Fabio
TRAPASSO Alessandro

XXXVIII course

ACITELLI Giacomo
BONOMO Tommaso
ODDI Fabio
PERRELLA Stefano

¢ Natasha ALECHINA, Utrecht University, October 2021.

e Yves LESPéRANCE, York University, November 2021 to January 2022.
e Brian LOGAN, University of Aberdeen, October 2021.

e Claude MOOG, CNRS, September 2021 to October 2021.

¢ Eugenia TERNOVSKA, Simon Fraser University, November 2021.

2.6 Seminars and Workshops

Many scientists are invited to deliver seminars at DIAG. Below we report the list of
seminars for the year 2019, in chronological order. We also report the workshops and

special scientific events organized at DIAG.

e January 29, 2021, Giuseppe Antonio Di Luna: A fast paced stroll from theory to

practice in systems research.

e February 20, 2021, Alessandro Annarelli:Alessandro Annarelli: The Road to
Servitization - How Servitization Can Disrupt Companies’ Business Models?.

e March 5, 2021, Fabio Nonino: Seminario pubblico Fabio Nonino.

e April 9, 2021, Valerio Dose: Seminario pubblico Valerio DOSE - The Price of Anarchy in
Routing Games as a function of the demand: how the amount of traffic affects the efficiency

of selfish routing.

e April 26, 2021, Alessio Moneta: MORE@DIAG Seminar: Causal inference from
observational data: concepts and recent methodological advances.
e May 4, 2021, Paolo Peruzzi: MORE@DIAG Seminar: Regolamentazione dei servizi

idrici.



May 13, 2021, Mario Morroni: MORE@DIAG Seminar: 1l Modello Fondi-Flussi:
Analisi di Alcuni Casi Aziendali Mediante Kronos Calc.

May 15, 2021, Fabrizio Silvestri:Prof. Fabrizio Silvestri (Sapienza Univ. of Rome)
and Prof. Nicola Tonellotto (Univ. of Pisa): Data Science PhD course Neural
Information Retrieval and NLP - Proff. Fabrizio Silvestri e Nicola Tonellotto.

May 21, 2021, Veronica Piccialli: Seminario pubblico PO MAT/09.

May 28, 2021, Prof. Sarthak Misra: Magnetically-Actuated Flexible and Minaturized
Systems.

June 12, 2021, Fabio Furini: Seminario pubblico e lezione pubblica di Fabio Furini .
June 16, 2021, Francesca Toni: Computational argumentation: from non-monotonic
reasoning to deep argumentative explanations.

June 23, 2021, Dario Fiore: Summer Seminars on Cybersecurity: Dario Fiore (IMDEA) -
"Cryptography for Privacy and Integrity of Computation on Untrusted Machines”.

June 23, 2021, Paolo Robuffo Giordano, CNRS: SEMINAR - Paolo Robuffo Giordano
(CNRS): Recent Advances in Shared Control for

Tele-manipulation and Tele-navigation.

June 24, 2021, Ophir Frieder, Georgetown University - Stefano Pacifico, Epistemic
Al - Paolo Siviero, Principia SGR - Stefano Mizio, PoliHub, Politecnico di Milano -
Andrea Vitaletti, Sapienza University of Rome - Paolo Merialdo, Roma Tre
University: Digital Entrepreneurship and Health Innovation.

July 5, 2021, Francesco Leotta:Francesco Leotta: Smart Environments: Methodologies
and Applications.

July 6, 2021, Francesco Liberati: Seminario pubblico su ”Control Problems in the Clean
Energy Transition”.
July 13, 2021, Ian Gemp (DeepMind): EigenGame: PCA as a Nash Equilibrium.
July 14, 2021, Prof. Ivan Visconti: SUMMER SEMINARS ON CYBERSECURITY:
Prof. Ivan Visconti (UNISA) "Cryptography for Blockchain Technology”.

October 15, 2021, Andrea Marrella: Robotic Process Automation and Mining.
October 26, 2021, Luca Fraccascia:Luca Fraccascia: Seminario pubblico Luca
Fraccascia (procedura selettiva di chiamata per n. 1 posto di RTD B - codice bando
2021RTDB007).

November 5, 2021, Prof. Alessio Lomuscio (Imperial College London,

UK): Towards verifying Al systems based on deep Neural networks - Prof. Alessio
Lomuscio (Imperial College London, UK).

November 18, 2021, Eugenia Ternovska (Simon Fraser University, Vancouver,
Canada): Towards Capturing PTIME with no Counting Construct (but with a version of
Hilbert’s Choice operator).

November 30, 2021, Giulia Fiscon: A network-based algorithm for drug repurposing
and its application to COVID-19..

December 3, 2021, Alessandro Giuseppi:Alessandro Giuseppi: Control problems for
environmental protection and the green transition.

December 3, 2021, Luca Zaccarian (LAAS-CNRS and University of Trento): Input
allocation with redundant actuators via reduction theorems: some aerospace applications.
December 3, 2021, Giulia Palombi:Giulia Palombi: Trust: from social implication to
cybersecurity management.

December 21, 2021, Tommaso Giovannelli (Lehigh University, Bethlehem, PA,
USA): Bilevel stochastic methods for optimization and machine learning: Bilevel stochastic
descent and DARTS.



2.7 Other institutional activities

May 26, 2021 to January 20, 2022: Banche e Sicurezza

September 30, 2021: Convegno Nazionale Confcommercio - Oltre il tempo della pandemia
October 7, 2021: Do you know AI?

April 15, 2021: Donne talentuose, innovatrici e attente ai bisogni di conciliazione
February 11, 2021: Donne, STEM e Scienza. Si puo!

June 22, 2021: Evento Forum PA: La trasformazione digitale del Paese

October 29, 2021: Festival della Scienza di Genova

October 21, 2021: Festival Informatici Senza Frontiere

February 4, 2021: Incontro Formazione IA

February 4, 2021: Roberto Baldoni, Daniele Nardi Intelligenza artificiale in campo
giuridico

October 19, 2021: L innovazione tecnologica al servizio del governo aperto

September 27, 2021: Regolamento Ue sull'intelligenza artificiale: quale equilibrio tra la
creazione di nuove opportunita per utenti e consumatori e la tutela di diritti e sicurezza per i
cittadini?

January 1, 2021 to January 20, 2022: SIpEIA

March 8, 2021: Visionarie dell’Informatica

March 20, 2021: Women Pioneering Change

January 14, 2021 to April 12, 2021: Il pensiero computazionale, il coding, I'apprendimento
January 28, 2021: Seminario per la fondazione "I Lincei per la Scuola”

October 16, 2021: Rewriters Fest

April 1, 2021: Le criticita nell utilizzo dei dati per il corretto indirizzo delle strategie di
analisi e di governo dei processi sanitari

March 11, 2021: Donne nella Scienza

June 9, 2021: Multidisciplinarieta Digitale

September 19, 2021: TEDxPerugia PHOENIX

March 8, 2021: Visionarie dell Informatica

June 24, 2021: Women in Data Science

March 20, 2021: Women Pioneering Change

January 10, 2021 to February 10, 2021: Repubblica digitale - iniziative per superare il
gender gap in ICT

January 21, 2021: Repubblica Digitale: iniziative per superare gender gap

March 2, 2021 to May 31, 2021: STEM e Gender Gap

2.8 Honours and Awards

e Marco Temperini Best Paper Award , Botticelli, M., Gasparetti, F., Sciarrone, F. and
Temperini, M.Deep Learning to Monitor Massive Open Online Courses
Dynamics11th International Conference in Methodologies and Intelligent Systems
for Technology Enhanced Learning (MIS4TEL’21), Salamanca (Spain), October 6th
to 8th, 2021

e Riccardo Lazzeretti IET Biometrics Premium (Best Paper) Awards 2021, Each year, the
IET awards a prize to the authors of the best paper published within the last two
years in each of the IET’s journals.The paper Mauro Barni, Giulia Droandi,
Riccardo Lazzeretti, Tommaso Pignata "SEMBA: secure multi-biometric
authentication", Volume 8, Issue 6, November 2019, pp. 411-421 has been awarded



the 2021 Premium Award for Best Paper in IET Biometrics The complete list of
2021 winning articles can be found here. More information about the IET Journals
Premium (Best Paper) Awards can be found here.

Emanuele De Santis , Alessandro Giuseppi , Antonio Pietrabissa Best Original Paper
Published in the ETRI Journal (2021), Each year ETRI Journal awards the best
original paper published in the journal, selected by the Editorial Board, which
comprises internationally recognized researchers.The paper "6G in the sky: On-
demand intelligence at the edge of 3D networks" won the award in

2021. https://onlinelibrary.wiley.com/d0i/10.4218/etrij.2020-0205

Daniele Cono D'Elia Distinguished Reviewer Award at IEEE S&P 2021, Distinguished
Reviewer Award for the service in the shadow PC of IEEE Security & Privacy 2021
(Oakland)

Best Paper Award Runner-Up, Best Paper Award Runner-Up for the 14th ACM
International Conference on Web Search and Data Mining (WSDM 2021)

Roberto Navigli Outstanding Paper Award at NAACL 2021, S. Conia, A. Bacciu, R.
NavigliUnifying Cross-Lingual Semantic Role Labeling with Heterogeneous
Linguistic ResourcesProc. of the Conference of the North American Chapter of the
Association for Computational Linguistics (NAACL 2021), Online, 6-11th June,
2021, pp. 338-351.Winner of the outstanding paper award!

Giuseppe De Giacomo JPMorgan Al Faculty Research Award 2021, JPMorgan Al
Faculty Research Award 2021 for the project “Resilience-based Generalized
Planning and Strategic Reasoning”

Giuseppe De Giacomo , Domenico Lembo , Maurizio Lenzerini, Riccardo

Rosati AAAI 2021 Classic Paper Award, The paper "DL-Lite: Tractable Description
Logics for Ontologies", by Diego Calvanese, Giuseppe De Giacomo, Domenico
Lembo, Maurizio Lenzerini, Riccardo Rosati, has been awarded as the most
influential paper from the Twentieth National Conference on Artificial
Intelligence, held in 2005 in Pittsburgh, Pennsylvania, USA.

Georgios Birmpas , Federico Fusco, Stefano Leonardi , Rebecca Reiffenhauser Best
Paper Award at WINE2021, Best Paper Award at the International Conference on
Web and Internet Economics (WINE 2021), Springer International Publishing.
Tiziana D'Alfonso Best QOverall Paper Award, Best Overall Paper Award, “Synthetic
Control Methods for Policy Analysis: Evaluating the Effect of the European
Emission Trading System on Aviation Supply” in ATRS Conference of the Air
Transport Research Society, 2021

I-RIM 2021 Best Student Paper Award, Award for the best paper authored primarily
by a student and presented at the 3rd Italian Conference on Robotics and
Intelligent Machines (I-RIM 2021) held in Rome, October 8-10, 2021.Marco
Pennese, Claudio Gaz, Marco Capotondi, Valerio Modugno, Alessandro De Luca,
"Identification of robot dynamics from motor currents/torques with unknown
signs," Proc. 3rd Italian Conference on Robotics and Intelligent Machines, Rome,
ITA, pp. 125-128, 2021, DOI:10.5281/zenod0.5900603

Alessandro Giuseppi Premio Minerva - Best PhD Candidate (Macroarea D), Premio
Minerva, Macroarea D - Dottorandji, III edizione - riconosciuto dalla "Fondazione
Roma Sapienza"Prize awarded to the best PhD candidate, enrolled in the XXXII
cycle, of the entire University (for the Macroarea D - Engineering and
Architecture) whose study activity offered a significant contribution to the
scientific progress in its disciplinary area.



Giuseppe Antonio Di Luna , Luca Massarelli,, Leonardo Querzoni ASPLOS
Distinguished Paper Award, Distinguished Paper Award alla 26th International
Conference on Architectural Support for Programming Languages and Operating
Systems (ASPLOS) per l'articolo "Who's debugging the debuggers? exposing
debug information bugs in optimized binaries".

Francesco Liberati , Antonio Ornatelli, Andrea Tortorelli Best Paper Award, Best
paper award at the 2021 IEEE World Al IoT Congress (AIloT) conference,
cathegory "Parallel and Distributed Algorithms and Automatic Control", for the
paper "Ornatelli, Antonio, Andrea Tortorelli, and Francesco Liberati. "A
Distributed Reinforcement Learning approach for Power Control in Wireless
Networks." 2021 IEEE World AIIoT Congress (AlloT). IEEE, 2021".

2.9 Contracts

Researches carried on at DIAG are funded by public agencies and/or companies. Some of
them span over many years. For each contract, we list below contractor, funding (in Euro),
title, project leader, and duration. Titles of contracts funded by Italian entities are reported
in Italian.

Companies

BitBrain - B2B: Brain-to-Brain Connectivity for the Real-time Monitoring of Social
Interactions, Laura Astolfi, € 29000, ending 15-03-2023

European Union (EU)

ERASMUS+ - 9 CONVERSATIONS - Network building for self-employment of
refugees, Marco Temperini, € 35099, ending 30-09-2021

H2020 - AI4EU - A European Al On Demand Platform and Ecosystem, Daniele Nardi,
€ 78206,00, ending 31-12-2021

H2020-ERC - AMDROMA - Algorithmic and Mechanism Design Research in Online
MArkets, Stefano Leonardi, € 1780150,00, ending 30-06-2023

H2020 EUROBENCH - BEAST - Benchmark-Enabling Active Shopping Trolley, Luca
Iocchi, € 45000,00, ending 31-01-2021

Sapienza Universita di Roma - Bubbles: Defining the BUilding Basic BLocks for a U-
Space SEparation Management Service, Luca Iocchi , ending 31-10-2022

H2020 - DESTINI - Smart Data ProcESsing and SysTems of Deep INsIght, Massimo
Mecella, € 166223, ending 30-09-2022

H2020 MSCA - DOCMA - Disorders of Consciousness (DoC): enhancing the transfer of
knowledge and professional skills on evidence-based interventions and validated
technology for a better management of patients, Febo Cincotti, € 126000,00, ending 31-
12-2021

H2020 MSCA - FIRST - virtual Factories: Interoperation suppoRting buSiness
innovaTion, Massimo Mecella, € 207000,00, ending 31-12-2021

ERASMUS+-IND 4.0 - Master Degree in Industry 4.0, Ioannis Chatzigiannakis , € 55245,
ending 14-11-2022

H2020 EUROBENCH - MADROB - Modular Active Door for RObot Benchmarking,
Luca Iocchi , € 45000,00, ending 31-01-2021



e H2020-PANACEA - Protection and privAcy of hospital and health iNfrastructures with
smArt Cyber sEcurity and cyber threat toolkit for dAta and people, Silvia Bonomi,
Giuseppe Santucci, € 322500,00, ending 31-12-2021

e ERASMUS+ - PMBOG - Project Management Board Game, Fabio Nonino , € 59560,
ending 31-08-2022

e H2020 - RISIS2 - European Research Infrastructure for Science, technology and
Innovation policy Studies 2, Cinzia Daraio , € 190625,00, ending 31-12-2022

e H2020 - SCIROC - European Robotics League plus Smart Cities Robot Competitions,
Daniele Nardi, € 300000,00, ending 31-01-2022

e H2020 - SECONDHANDS - SecondHands: A Robot Assistant For Industrial
Maintenance Tasks, Fiora Pirri, € 993750,00, ending 30-04-2020

e H2020-INFRAIA-2019-1 - SoBigData++ - European Integrated Infrastructure for Social
Mining and Big Data Analytics, Stefano Leonardi, € 220000, ending 31-12-2023

e Sapienza Universita di Roma - Tailor: Foundations of Trustworthy AI - Integrating
Reasoning, Learning and Optimization, Maurizio Lenzerini, € 308175, ending 31-08-
2023

e H2020-ERC - WhiteMech - White-Box Self-Programming Mechanisms, Giuseppe De
Giacomo, € 2499197,00, ending 31-10-2024

e Sapienza Universita di Roma - WhiteMech: White-box Self-Programming Mechanisms,
ERC Advanced Grant, Giuseppe De Giacomo, € 2.499.197, ending 31-10-2024

Italian Institutions

e MIUR-PRIN 2017 - ALGADIMAR - ALgorithms, GAmes and DIgital MARkets, Stefano
Leonardi, € 139990,00, ending 28-02-2023

¢ Regione Lazio - Direzione regionale infrastrutture e mobilit&aacute; - Attivit&aacute;
di richiesta e supporto per attivit&aacute; di intervento per aggiornamento studio
preliminare volto alla individuazione del costo efficiente per la gestione delle Ferrovie
concesse Regione Lazio, Luca Iocchi, € 35000, ending 31-01-2021

e Regione Lazio - ECORETE GREEN - ECONOMIA CIRCOLARE: Recupero di plastiche
e legno con tecnologie green, Rosa Maria Dangelico , € 60042, ending 24-12-2021

e MIUR-PRIN 2017 - GREEN TAGS - Chipless radio frequency identification (RFID) for
GREEN TAGging and Sensing, Christian Napoli, € 169000,00, ending 28-02-2023

e MIUR-PRIN 2017 - HOPE - High quality Open data Publishing and Enrichment,
Maurizio Lenzerini , € 183737,00, ending 28-02-2023

e Ministero della Salute - RECOMmENceR: RE-establishing COrtico Muscolar
COMunication to ENhance Recovery. Clinical validation of BCI-controlled Functional
Electrical Stimulation for upper limb rehabilitation after stroke, Jlenia Toppi, € 57222,00,
ending 01-12-2022

e Ministero della Salute, Ricerca Finalizzata - RECOMmENCceR: RE-establishing COrtico
Muscolar COMunication to ENhance Recovery. Clinical validation of BCI-controlled
Functional Electrical Stimulation for upper limb rehabilitation after stroke, Jlenia Toppi,
€ 57222, ending 01-12-2022

e Ministero della Salute - Ricerca Finalizzata 2018 - IRCCS Fondazione Santa Lucia - The
PROMOTOER: a Brain Computer Interface-based intervention that promotes upper
limb functional motor recovery in subacute stroke patients. A randomized controlled
trial ..., Febo Cincotti, ending 01-12-2022

Research Agreements (Convenzioni)



e Braintrends Srl, ending 28-07-2020

e Centro di Ricerca per gli alimenti e nutrizione CREA, ending 23-01-2020

e JASI CNR, ending 28-07-2020

e Join Study Agreement between DIAG and IBM Almaden Research Lab, Domenico
Lembo, ending 01-11-2020

e Universidate do Porto, ending 23-01-2021

Non-EU Institutions

e Promobiia Foundation - DISCLOSE: A new toolbox for the EEG-based assessment of
DoC patients, Laura Astolfi, € 15000, ending 31-07-2020

e H2020-MSCA-RISE - DOCMA - Disorders of Consciousness (DoC): enhancing the
transfer of knowledge and professional skills on evidence-based interventions and
validated technology for a better MAnagement of patients, Jlenia Toppi, € 74700,
ending 31-12-2021



3 Research Areas

The scientific activities of the Department cover six Research Areas, responsible for
identifying and coordinating research programs and for supporting teaching activities.
Each area includes one or several research groups. Research areas are:

e Biomedical Engineering

e Engineering in Computer Science

e Economics and Management Engineering
e Operations Research

e Systems and Control Engineering

3.1 Biomedical Engineering

3.1.1 Bioengineering and Bioinformatics

Research lines:
e Analysis and Modelling of Metabolic Systems
e Bioengineering for Molecular Biology and Bioinformatics
¢ Methods and Techniques for Neuroengineering
e Processing and analysis of bioelectrical signals

Members: ASTOLFI Laura, CINCOTTI Febo (leader), FARINA Lorenzo, PACI Paola, PETTI
Manuela and TOPPI Jlenia

Post Docs: COLAMARINO Emma and PUXEDDU Maria Grazia
PhD students: DE SETA Valeria and MONGIARDINI Elena

The research activity in this area deals with the applications of the general methodologies of
modelling, estimation, signal processing, machine learning and statistics to the study of
physiological, biological and biomolecular systems. Research activities date back to the 70’s
when novel mathematical models of the human digestive system were proposed. Modelling
of physiological systems, including insulin secretion and glucose metabolism, has been the
main research activity in the following two decades. Novel methodologies in the analysis of
neuroelectrical signals to study the human brain functions have been proposed since the
2000’s. Later in the same decade the research interest included the new fields of
computational modeling and analysis of omics data. At present, the group is engaged in a
multidisciplinary effort, pursuing a wide range of research topics by developing
mathematical methods applied to neurophysiology, to the analysis and integration of omics
data for precision and network medicine, and by designing innovative instrumentation for
neurorehabilitation. The main research topics are:
e Design and validation of EEG-based Brain-Computer Interfaces for assistive and
rehabilitation purposes;
e Computational modeling and analysis of omics data for precision and network
medicine.
e [Estimation of brain connectivity in humans by means of structural and functional
models and applications;



e Neuroelectrical hyperscanning and social neuroscience;
e Bioinformatics
Research goals include:

e application of Brain Computer Interfaces (BCls) as support to rehabilitation of stroke
patients;

e optimization of tumor radiotherapy, the development of computational and
bioinformatic tools for the analysis of omics data in different organisms and diseases,
including berry developments in plants and human solid tumors.

e use of features extracted from human neuroelectrical activity and connectivity to
identify biomarkers of diseases and of physiological mental states

e drug repurposing

e use of bioelectrical signals as biometric features for identification purposes in
cybersecurity applications

e identification of disease modules in omics networks

The research group participates in the joint translational research platform established by
Sapienza University and IRCCS Fondazione Santa Lucia. Several other national and
international cooperations are actually active, among which: Dip. di Fisiologia Umana e
Farmacologia, Sapienza Universita di Roma; Dip. di Biotecnologie Cellulari ed Ematologia,
Sapienza Universita di Roma; Dip. di Medicina sperimentale, laboratorio di Oncogenomica,
Sapienza Universita di Roma, Laboratorio di Oncogenesi Molecolare, Istituto Nazionale Tumori
Regina Elena (Roma); Istituto di Analisi dei Sistemi e Informatica (IASI) — CNR (Roma);
Laboratorio di Genetica Agraria, Dipartimento di Biotecnologie, Universita di Verona; Institute
of Medical Statistics, Computer Sciences and Documentation, Friedrich Schiller University,
Jena, Germany; Functional Brain Mapping Laboratory, University of Geneva, Switzerland;
Perceptual Networks Group, University of Fribourg,Switzerland; Computational Cognitive
Neuroscience Lab, Indiana University, Bloomington, USA; New Zealand Brain Research
Institute, Christchurch, New Zealand, Department of Medicine - Harvard University (USA),
Channing division of Network Medicine, Harvard University (USA), Universita Campus Bio-
Medico di Roma, Martinos Center for Biomedical Imaging - Harvard Medical School,
Massachusetts General Hospital. Facilities available for research and teaching activities
include:

e The laboratory of Bioengineering and Bioinformatics (BiBiLab), located in the premises
of the Department

e The laboratory of Neuroelectrical Imaging and Brain Computer Interfaces (NEILab),
located in the premises of Fondazione Santa Lucia (accessed as part of the joint research
platform)

Publications

Journal papers

Puxeddu M. G., Petti M., Astolfi L. "A Comprehensive Analysis of Multilayer Community
Detection Algorithms for Application to EEG-Based Brain Networks". In: Frontiers In
Systems Neuroscience, (volume: 15) (2021). DOI: 10.3389/fnsys.2021.624183

Ursino M., Ricci G., Astolfi L., Pichiorri F., Petti M., Magosso E. "A novel method to assess motor
cortex connectivity and event related desynchronization based on mass models". In: Brain
Sciences, (volume: 11) (2021), pp. 1 - 26. DOI: 10.3390/brainscil1111479

Fiscon G., Salvadore F., Guarrasi V., Garbuglia A. R., Paci P. "Assessing the impact of data-
driven limitations on tracing and forecasting the outbreak dynamics of COVID-19".



In: Computers In Biology And Medicine, (volume: 135) (2021).
DOI: 10.1016/j.compbiomed.2021.104657

Colamarino Emma, De Seta Valeria, Masciullo Marcella, Cincotti Febo, Mattia Donatella,
Pichiorri Floriana, Toppi Jlenia "Corticomuscular and Intermuscular Coupling in Simple
Hand Movements to Enable a Hybrid Brain-Computer Interface". In: International Journal
Of Neural Systems, (volume: 31) (2021). DOI: 10.1142/50129065721500520

Fiscon G., Conte F., Amadio S., Volonte C., Paci P. "Drug Repurposing: A Network-based
Approach to  Amyotrophic Lateral Sclerosis". In: Neurotherapeutics,  (2021).
DOI: 10.1007/s13311-021-01064-z

Antonacci Y., Minati L., Faes L., Pernice R., Nollo G., Toppi J., Pietrabissa A., Astolfi L.
"Estimation of Granger Causality through Artificial Neural Networks: applications to
Physiological Systems and Chaotic Electronic Oscillators". In: Peerj. Computer Science.,
(volume: 7) (2021), pp. 1 - 44. DOI: 10.7717/PEER]-CS.429

Paci P., Fiscon G., Conte F., Wang R. -s., Farina L., Loscalzo J. "Gene co-expression in the
interactome: moving from correlation toward causation via an integrated approach to
disease module discovery". In: Npj Systems Biology And Applications, (volume: 7) (2021).
DOI: 10.1038/s41540-020-00168-0

Fiscon G., Pegoraro S., Conte F., Manfioletti G., Paci P. "Gene network analysis using SWIM
reveals interplay between the transcription factor-encoding genes HMGA1, FOXM1, and
MYBL2 in triple-negative breast cancer". In: Febs Letters, (volume: 595) (2021), pp. 1569 -
1586. DOI: 10.1002/1873-3468.14085

Zhang Yu, Wu Wei, Toll Russell T, Naparstek Sharon, Maron-katz Adi, Watts Mallissa, Gordon
Joseph, Jeong Jisoo, Astolfi Laura, Shpigel Emmanuel, Longwell Parker, Sarhadi Kamron,
El-said Dawlat, Li Yuanqing, Cooper Crystal, Chin-fatt Cherise, Arns Martijn, Goodkind
Madeleine S, Trivedi Madhukar H, Marmar Charles R, Etkin Amit "Identification of
psychiatric disorder subtypes from functional connectivity patterns in resting-state
electroencephalography". In: Nature Biomedical Engineering, (volume: 5) (2021), pp. 309 -
323. DOI: 10.1038/s41551-020-00614-8

Sibilio Pasquale, Bini Simone, Fiscon Giulia, Sponziello Marialuisa, Conte Federica, Pecce
Valeria, Durante Cosimo, Paci Paola, Falcone Rosa, Norata Giuseppe Danilo, Farina
Lorenzo, Verrienti Antonella "In silico drug repurposing in COVID-19. A network-based
analysis". In: BiomFEdecine & PharmacothErapie, (volume: 142) (2021), pp. 1 - 10.
DOI: 10.1016/j.biopha.2021.111954

Salvadore F., Fiscon G., Paci P. "Integro-differential approach for modeling the COVID-19
dynamics - Impact of confinement measures in Italy". In: Computers In Biology And Medicine,
(volume: 139) (2021). DOI: 10.1016/j.compbiomed.2021.105013

Sciaraffa N., Borghini G., Di Flumeri G., Cincotti F., Babiloni F., Arico P. "Joint analysis of eye
blinks and brain activity to investigate attentional demand during a visual search task".
In: Brain Sciences, (volume: 11) (2021). DOI: 10.3390/brainsci11050562

Petti M., Farina L., Francone F., Lucidi S., Macali Amalia, Palagi L., De Santis M. "Moses: A new
approach to integrate interactome topology and functional features for disease gene
prediction”. In: Genes, (volume: 12) (2021), pp. 1 - 16. DOI: 10.3390/genes12111713

Panebianco Valeria, Paci Paola, Pecoraro Martina, Conte Federica, Carnicelli Giorgia, Besharat
Zein Mersini, Catanzaro Giuseppina, Splendiani Elena, Sciarra Alessandro, Farina
Lorenzo, Catalano Carlo, Ferretti Elisabetta "Network analysis integrating microRNA
expression profiling with MRI biomarkers and clinical data for prostate cancer early
detection: a proof of concept study". In:Biomedicines, (volume: 9) (2021).
DOI: 10.3390/biomedicines9101470

Farina Lorenzo "Network as a language for precision medicine". In: Annali Dell "istituto Superiore
Di SanitA, (volume: 57) (2021), pp. 331 - 344. DOI: 10.4415/ANN_21_04_08



Colonnese Stefania, Petti Manuela, Farina Lorenzo, Scarano Gaetano, Cuomo Francesca
"Protein-protein Interaction prediction via graph signal processing". In:leee Access,
(volume: 4) (2021), pp. 1 - 12. DOI: 10.1109/ACCESS.2021.3119569

Fiscon G., Conte F., Farina L., Paci P. "SAveRUNNER: A network-based algorithm for drug
repurposing and its application to COVID-19". In: Plos Computational Biology, (volume: 17)
(2021). DOI: 10.1371/JOURNAL.PCBI.1008686

Fiscon G., Paci P. "SAveRUNNER: an R-based tool for drug repurposing". In: Bmc Bioinformatics,
(volume: 22) (2021). DOI: 10.1186/512859-021-04076-w

Petti M., Verrienti A., Paci P., Farina L. "SEaCorAl: Identifying and contrasting the regulation-
correlation bias in RNA-Seq paired expression data of patient groups". In: Computers In
Biology And Medicine, (volume: 135) (2021). DOI: 10.1016/j.compbiomed.2021.104567

Anzolin A., Toppi J., Petti M., Cincotti F., Astolfi L. "Seed-g: Simulated eeg data generator for
testing connectivity algorithms". In: Sensors, (volume: 21) (2021). DOI: 10.3390/s21113632

Pecce V., Verrienti A., Fiscon G., Sponziello M., Conte F., Abballe L., Durante C., Farina L., Filetti
S., Paci P. "The role of FOSL1 in stem-like cell reprogramming processes". In: Scientific
Reports, (volume: 11) (2021), pp. 1 - 11. DOI: 10.1038/s41598-021-94072-0

Bonanomi M., Salmistraro N., Fiscon G., Conte F., Paci P., Bravata V., Forte G. 1., Volpari T.,
Scorza M., Mastroianni F., D'errico S., Avolio E., Piccialli G., Colangelo A. M., Vanoni M.,
Gaglio D., Alberghina L. "Transcriptomics and metabolomics integration reveals redox-
dependent metabolic rewiring in breast cancer cells". In: Cancers, (volume: 13) (2021).
DOI: 10.3390/cancers13205058

Conte F., Fiscon G., Sibilio P., Licursi V., Paci P. "An Overview of the computational models
dealing with the regulatory ceRNA mechanism and ceRNA deregulation in cancer".
In: Methods In Molecular Biology, (2021), pp. 149 - 164. DOI: 10.1007/978-1-0716-1503-4_10

Colamarino Emma, Pichiorri Floriana, Masciullo Marcella, Tamburella Federica, Pisotta
Iolanda, Scivoletto Giorgio, Molinari Marco, Cincotti Febo, Mattia Donatella "BCI-assisted
Motor Imagery training to promote functional recovery in cervical Spinal Cord Injury
patients: preliminary data". In: Abstract Book Of The 8th International Brain-computer Interface
Meeting, (2021), pp. 44 - 44.

De Seta V., Colamarino E., Pichiorri F., Toppi J., Masciullo M., Cincotti F., Mattia D. "Hand
movements classification for a hybrid rehabilitative BCI: study on corticomuscular and
intermuscular coherence". In: Abstract Book Of The 8th International Brain-computer Interface
Meeting, (2021), pp. 58 - 59.

Pichiorri Floriana, De Seta Valeria, Colamarino Emma, Toppi Jlenia, Cincotti Febo, Mattia
Donatella "Movement-Related Cortical Potential during post-stroke motor recovery:
preliminary study for a novel hybrid BCI paradigm". In: Abstract Book Of The 8th
International Brain-computer Interface Meeting, (2021), pp. 43 - 43.

Conference proceedings

Colamarino E., Pichiorri F., Toppi J., De Seta V., Masciullo M., Mattia D., Cincotti F. "Inter-
muscular coherence features to classify upper limb simple tasks". In: 10th International leee
Embs Conference On Neural Engineering-conference Proceedings, (2021), pp. 57 - 60.
DOI: 10.1109/NER49283.2021.9441150

Puxeddu Maria Grazia, Petti Manuela, Astolfi Laura "Multi-layer analysis of multi-frequency
brain networks as a new tool to study EEG topological organization". In: 2021 43rd Annual
International Conference Of The leee Engineering In Medicine And Biology Society (embc), (2021),
pp- 924 - 927. DOI: 10.1109/EMBC46164.2021.9630173

Antonacci Yuri, Astolfi Laura, Faes Luca "Testing different methodologies for Granger causality
estimation: A simulation study". In:2020 28th European Signal Processing Conference
(eusipco), (2021), pp. 940 - 944. DOI: 10.23919/Eusipco47968.2020.9287405



De Seta V., Toppi J., Pichiorri F., Masciullo M., Colamarino E., Mattia D., Cincotti F. "Towards a
hybrid EEG-EMG feature for the classification of upper limb movements: comparison of
different processing pipelines". In: 2021 10th International leee Embs Conference On Neural
Engineering-conference Proceedings, (2021), PpP- 355 - 358.
DOI: 10.1109/NER49283.2021.9441390

De Seta Valeria, Colamarino Emma, Pichiorri Floriana, Masciullo Marcella, Cincotti Febo, Mattia
Donatella, Toppi Jlenia "Towards A Novel Hybrid Brain-Computer Interface for Motor
Rehabilitation: Study on Cortico-Muscular Coherence Patterns for Movement
Classification". In: Nature Conferences-technologies For Neuroengineering, (2021).



3.2 Engineering in Computer Science

3.2.1 Algorithm Design and Engineering

Research lines:
e Algorithmic approaches for bioinformatics and elearning
e Algorithmic Game Theory
e Approximation and On-line Algorithms
e Experimental Algorithmics
e External Memory and Streaming Algorithms for Massive Data Processing
e Incremental Algorithms and Dynamic Data Structures
e Principles of Design and Analysis of Algorithms

Members: ANAGNOSTOPOULOS Aris, AUSIELLO Giorgio, COPPA Emilio, D'’AMORE
Fabrizio, DEMETRESCU Camil (leader), LEONARDI Stefano, MARCHETTI SPACCAMELA
Alberto and NANNI Umberto

Research activity regarding design and engineering of computer algorithms and
computational complexity analysis has been developed at DIAG since when the Department
has been created in the early Eighties. In the first years the emphasis has been on theoretical
aspects such as those related to the notion of approximation preserving reductions among
optimization problems and the classification of optimization problems based on their
approximability properties. Subsequently, research activities have evolved in various
directions according to the evolution of information technology and of application domains.
New emerging topics have been addressed such as dynamic graph algorithms, on line
algorithms, external memory, and streaming algorithms for massive data sets. Also the

emphasis of the approach has changed moving from traditional worst case analysis to

experimental performance analysis.

The most relevant recent results include contributions in the following areas:

Principles of Design and Analysis of Algorithms: re-optimization techniques for
combinatorial problems, models of computation for very large data sets;

Experimental Algorithmics: implementation and engineering of advanced algo- rithms
and data structures for graph problems;

Performance Engineering: design and implementation of methodologies and tools for
analying and optimizing software systems;

External Memory and Streaming Algorithms for Massive Data Processing: external-
memory and streaming algorithms for very large graph problems;

Incremental Algorithms and Dynamic Data Structures: incremental algorithms for path
problems in graphs;

Approximation and On-line Algorithms: scheduling algorithms, algorithms for
metabolic networks, vehicle routing, approximation algorithms for rent-or-buy net-
work design problems, on-line algorithms for stochastic optimization problems such as
Steiner tree and set cover under several models;

Algorithmic Game Theory: quality of strong equilibria in network formation games
under restricted communication model;

Algorithmic approaches for bioinformatics and elearning: application of algorith- mic
models and techniques to bioinformatics and elearning.



In the future we plan to tackle fundamental problems arising in emerging applications
involving the analysis and optimization of networks, real-time systems, scheduling and
resource allocation, as well as in other areas. Special emphasis will be given to problems on very
large data sets and multi-core platforms. In particular, our research goals include:

e External Memory and Streaming Algorithms for Massive Data Processing: external-
memory and streaming algorithms for problems arising in the dynamic analysis of large
software systems and networks. Among other goals, we plan to investigate novel
approaches to performance profiling and optimization based on provably efficient
streaming techniques;

¢ Incremental Algorithms and Dynamic Data Structures: we will study efficient incre-
mental change propagation techniques for constraint-based systems on multi-core
platforms;

e Approximation and On-line Algorithms: we aim at investigating the complexity and the
approximability of combinatorial resource allocation problems, with a fo- cus on
problems arising from the scheduling of recurrent tasks in real-time sys- tems. In
particular, we aim at the design and analysis of efficient tests of feasibility for the
scheduling of tasks on multiprocessor platforms. We will push further the study of on-
line algorithms for stochastic optimization problems. We'll also con- sider the
simultaneous approximation on several objective functions and on net- work instances;

e Algorithmic approaches for bioinformatics and elearning: several models and tech-
niques, studied and evolved within the area of algorithm engineering turned out to be
very pervasive. In various contexts these has lead to effective solutions to problems with
complex structure. In the last years we have devised representa- tions, based on graphs
and hypergraphs, suitable to model processes and biologi- cal systems. Then, working
with groups of researchers in other disciplines - such as bioinformatics and elearning -
we aim at boosting research results in these areas.

Publications

Journal papers

Califano C., Moog C. H. "Geometric Tools for Time-Delay Systems". In: Nonlinear Time-delay
Systems - A Geometric Approach, (2021), pp. 15 - 36. DOI: 10.1007/978-3-030-72026-1_2



3.2.2 Algorithms and Data Science

Research lines:
e Algorithmic Data Analysis
e Algorithmic Game Theory
e Algorithms
e BigData
e Data Mining
e Data Science
e Economics and Computation
e Mechanism Design
e Network and Stochastic Processes
e Random Structures
¢ Recommender Systems
e Social Networks
e Streaming

Members: ANAGNOSTOPOULOS Aris, BECCHETTI Luca, FAZZONE Adriano, LEONARDI
Stefano (leader) and SILVESTRI Fabrizio

Post Docs: BARNABO Giorgio, BIRMPAS Georgios, EZRA Tomer, FUSCO Federico, LAZOS
Philip and REIFFENHAUSER Rebecca

PhD students: BUCARELLI Maria Sofia, GENTILI Michele, MARTINI
Leonardo, MASTROPIETRO Andrea and SICILIANO Federico

The group of Algorithms and Data Science performs theoretical and applied research in the
areas of algorithms and data science. There is particular interest in the design of algorithmic
techniques for the analysis of very large volumes of data and for the economics of the internet,
as well as in the algorithmic modeling of complex systems. The group is particularly active in
the following areas: Algorithmic Fairness, Algorithmic Game Theory and Mechanisms Design,
Approximation and Online Algorithms, Distributed and Streaming Computation, Internet
Economics, Large-Scale Data Mining, Social nNetwork Analysis, Theory and Applications of
Machine Learning.

Publications

Journal papers

Bohm M., Fazzone A., Leonardi S., Menghini C., Schwiegelshohn C. "Algorithms for fair k-
clustering with multiple protected attributes". In: Operations Research Letters, (volume: 49)
(2021), pp. 787 - 789. DOI: 10.1016/j.0r1.2021.08.011

Amerini I, Anagnostopoulos A., Maiano L., Ricciardi Celsi L. "Deep learning for multimedia
forensics". In: Foundations And Trends In Computer Graphics And Vision, (volume: 12) (2021),
pp- 309 - 457. DOI: 10.1561/0600000096

Siciliano F., Consolini G., Tozzi R., Gentili M., Giannattasio F., De Michelis P. "Forecasting SYM-
H Index: A Comparison Between LongShort-Term Memory and Convolutional Neural
Networks". In: Space Weather, (volume: 19) (2021). DOI: 10.1029/2020SW002589

Thorne James, Yazdani Majid, Saeidi Marzieh, Silvestri Fabrizio, Riedel Sebastian, Halevy Alon
"From Natural Language Processing to Neural Databases". In: Proceedings Of The VIdb
Endowment, (volume: 14) (2021), pp. 1033 - 1039. DOI: 10.14778/3447689.3447706



Tolomei Gabriele, Silvestri Fabrizio "Generating actionable interpretations from ensembles of
decision trees". In: Ieee Transactions On Knowledge And Data Engineering, (volume: 33) (2021),
pp. 1540 - 1553. DOI: 10.1109/TKDE.2019.2945326

Maiano L., Amerini I., Ricciardi Celsi L., Anagnostopoulos A. "Identification of social-media
platform of videos through the use of shared features". In: Journal Of Imaging, (volume: 7)
(2021), pp. 1 - 16. DOI: 10.3390/jimaging7080140

Amanatidis G., Birmpas G., Filos-ratsikas A., Hollender A., Voudouris A. A. "Maximum Nash
welfare and other stories about EFX". In: Theoretical Computer Science, (volume: 863) (2021),
pp- 69 - 85. DOL: 10.1016/j.tcs.2021.02.020

Tonellotto N., Gotta A., Nardini F. M., Gadler D., Silvestri F. "Neural network quantization in
federated learning at the edge". In: Information Sciences, (volume: 575) (2021), pp. 417 - 436.
DOI: 10.1016/j.ins.2021.06.039

Birmpas G., Gan J., Hollender A., Marmolejo-cossio F. J., Rajgopal N., Voudouris A. A.
"Optimally deceiving a learning leader in stackelberg games". In: The Journal Of Artificial
Intelligence Research, (volume: 72) (2021), pp. 507 - 531. DOI: 10.1613/JAIR.1.12542

Amanatidis G., Birmpas G., Filos-ratsikas A., Voudouris A. A. "Peeking behind the ordinal
curtain: Improving distortion via cardinal queries". In: Artificial Intelligence, (volume: 296)
(2021). DOI: 10.1016/j.artint.2021.103488

Bury M., Gentili M., Schwiegelshohn C., Sorella M. "Polynomial Time Approximation Schemes
for All 1-Center Problems on Metric Rational Set Similarities". In: Algorithmica, (volume: 83)
(2021), pp. 1371 - 1392. DOI: 10.1007/s00453-020-00787-3

Coester Christian, Koutsoupias Elias, Lazos Filippos "The Infinite Server Problem". In: Acm
Transactions On Algorithms, (volume: 17) (2021), pp. 1 - 23. DOI: 10.1145/3456632

Filos-ratsikas Aris, Giannakopoulos Yiannis, Lazos Filippos "The Pareto Frontier of Inefficiency
in  Mechanism  Design".  In: Mathematics ~ Of  Operations  Research,  (2021).
DOI: 10.1287/moor.2021.1154

Stolfi Paola, Mastropietro Andrea, Pasculli Giuseppe, Tieri Paolo, Vergni Davide "Adaptive
Positive-Unlabelled Learning via Markov Diffusion". In: Computer Science And Machine
Learning, (2021).

Anagnostopoulos Aris, Becchetti Luca, Cruciani Emilio, Pasquale Francesco, Rizzo Sara "Biased
Opinion Dynamics: When the Devil is in the Details". In: [jcai, (2021), pp. 53 - 59.
DOI: 10.24963/ijcai.2020/8

Dimitrov Dimitar, Bin Ali Bishr, Shaar Shaden, Alam Firoj, Silvestri Fabrizio, Firooz Hamed,
Nakov Preslav, Da San Martino Giovanni "SemEval-2021 Task 6: Detection of Persuasion
Techniques in Texts and Images". In:, (2021). DOI: 10.18653/v1/2021.semeval-1.7

Conference proceedings

Amanatidis Georgios, Birmpas Georgios, Filos-ratsikas Aris, Voudouris Alexandros A. "A few
queries go a long way: information-distortion tradeoffs in matching". In: Proceedings Of The
35th Aaai Conference On Artificial Intelligence (aaai), (2021), pp. 5078 - 5085.

Cesa-bianchi Nicol(*(0)), Cesari Tommaso R., Colomboni Roberto, Fusco Federico, Leonardi
Stefano "A Regret Analysis of Bilateral Trade". In: Proceedings Of The 22nd {acm} Conference
On Economics And Computation, (2021), pp. 289 - 309. DOI: 10.1145/3465456.3467645

Errica Federico, Silvestri Fabrizio, Edizel Bora, Denoyer Ludovic, Petroni Fabio, Plachouras
Vassilis, Riedel Sebastian "Concept Matching for Low-Resource Classification".
In: International Joint Conference On Neural Networks, {ijcnn} 2021, Shenzhen,china, July 18-22,
2021, (2021), pp. 1 - 8. DOI: 10.1109/JCNN52387.2021.9533640

Thorne James, Yazdani Majid, Saeidi Marzieh, Silvestri Fabrizio, Riedel Sebastian, Halevy Alon
Y. "Database reasoning over text". In: Proceedings Of The 59th Annual Meeting Of The
Association For Computationallinguistics And The 11th International Joint Conference On



Naturallanguage Processing, {acl/ijcnlp} 2021, (volume 1: Long Papers), Virtualevent, August 1-
6, 2021, (2021), pp. 3091 - 3104. DOI: 10.18653/v1/2021.acl-long.241

Dimitrov Dimitar, Bin Ali Bishr, Shaar Shaden, Alam Firoj, Silvestri Fabrizio, Firooz Hamed,
Nakov Preslav, Da San Martino Giovanni "Detecting Propaganda Techniques in Memes".
In: Proceedings Of The 59th Annual Meeting Of The Association For Computationallinguistics
And The 11th International Joint Conference On Naturallanguage Processing, {acl/ijenlp} 2021,
(volume 1: Long Papers), Virtualevent, August 1-6, 2021, (2021), pp. 6603 - 6617.
DOI: 10.18653/v1/2021.acl-long.516

Diitting Paul, Fusco Federico, Lazos Filippos, Leonardi Stefano, Reiffenhduser Rebecca
"Efficient two-sided markets with limited information". In: Stoc 2021: Proceedings Of The
53rd Annual Acm Sigact Symposium On Theory Of Computing, (2021), pp. 1452 - 1465.
DOI: 10.1145/3406325.3451076

Becchetti L., Clementi A., Pasquale F., Trevisan L., Ziccardi I. "Expansion and flooding in
dynamic random networks with node churn". In: Proceedings - International Conference On
Distributed Computing Systems, (2021), pp. 976 - 986. DOI: 10.1109/ICDCS51616.2021.00097

Azar Yossi, Leonardi Stefano, Touitou Noam "Flow time scheduling with uncertain processing
time". In: Stoc 2021: Proceedings Of The 53rd Annual Acm Sigact Symposium On Theory Of
Computing, (2021), pp. 1070 - 1080. DOI: 10.1145/3406325.3451023

Menghini Cristina, Anagnostopoulos Aris, Upfal Eli "How Inclusive Are Wikipedia’'s
Hyperlinks in Articles Covering Polarizing Topics?". In: Proceedings Of The 2021 Ieee
International Conference On Big Data (bigdata 2021), (2021), pp. 1300 - 1307.
DOI: 10.1109/BigData52589.2021.9671943

Amerini I, Anagnostopoulos A., Maiano L., Ricciardi Celsi Lorenzo "Learning double-
compression video fingerprints left from social-media platforms". In: Icassp 2021 - 2021 Ieee
International Conference On Acoustics, Speech And Signal Processing (icassp), (volume: 2021-)
(2021), pp. 2530 - 2534. DOI: 10.1109/ICASSP39728.2021.9413366

Filos-ratsikas Aris, Giannakopoulos Yiannis, Hollender Alexandros, Lazos Filippos, Pocas
Diogo "On the Complexity of Equilibrium Computation in First-Price Auctions". In: Ec
2021 - Proceedings Of The 22nd Acm Conference On Economics And Computation, (2021), pp.
454 - 476. DOI: 10.1145/3465456.3467627

Haddadan Shahrzad, Menghini Cristina, Riondato Matteo, Upfal Eli "RePBubLik: Reducing the
Polarized Bubble Radius with Link Insertions". In: Proceedings Of The Fourteenth Acm
International Conference On Web Search And Data Mining, (2021).

Anagnostopoulos A., Fazzone A., Vettraino G. "Skyline in Crowdsourcing with Imprecise
Comparisons". In: Cikm '21: Proceedings Of The 30th Acm International Conference On
Information & Knowledge Management, (2021), pp. 37 - 46. DOI: 10.1145/3459637.3482479

Avadhanula V., Colini Baldeschi R., Leonardi S., Sankararaman K. A., Schrijvers O. "Stochastic
bandits for multi-platform budget optimization in online advertising". In: The Web
Conference 2021 - Proceedings Of The World Wide Web Conference, Www 2021, (2021), pp. 2805
- 2817. DOI: 10.1145/3442381.3450074

Amanatidis Georgios, Fusco Federico, Lazos Filippos, Leonardi Stefano, Marchetti-spaccamela
Alberto, Rebecca Reiffenhduser "Submodular Maximization subject to a Knapsack
Constraint: Combinatorial Algorithms with Near-optimal Adaptive Complexity".
In: Proceedings Of The 38th International Conference On Machine Learning, (volume: 139)
(2021), pp. 231 - 242.



3.2.3 Artificial Intelligence and Knowledge Representation

Research lines:
e Description Logics
e Logics for Al
e Reasoning about Actions and Planning
e Semantic Technologies
e Spoken Language Understanding

Members: CONSOLE Marco, DE GIACOMO Giuseppe (leader), LEMBO
Domenico, LENZERINI Maurizio, LIBERATORE Paolo, NARDI Daniele, NAVIGLI
Roberto, PATRIZI Fabio, PEREIRA Ramon Fraga, POGGI Antonella and ROSATI Riccardo

Post Docs: DI STASIO Antonio, PERELLI Giuseppe, RONCA Alessandro, SCAFOGLIERI
Federico and ZHU Shufang

PhD students: BRUNORI Damiano, CHIARIELLO Francesco, CIPOLLONE Roberto, CROCE
Federico, FAVORITO Marco, FUGGITTI Francesco, MARCONI Lorenzo, NAMICI
Manuel, PALUDO LICKS Gabriel, SILO Luciana, TRAPASSO Alessandro and UMILI Elena

Research in Artificial Intelligence at DIAG started in the early 80s and established this
research group as one of the most prominent ones in the field of logic-based knowledge
representation and automated reasoning. Research has been conducted in many areas, with
several outstanding results. The research lines presently active are described in the following.
Description Logics (DL) form a family of Logic-based Knowledge Representation Languages
which allow for modeling an application domain in terms of objects, concepts and
relationships between concepts, and for reasoning about them. They are widely used in
several areas, including ontology engineering, Semantic Web, and information integration.
The research at DIAG on DL has a long tradition, and focuses on many relevant aspects,
including algorithms for automated reasoning, trade-off between expressive power and
computational complexity of reasoning, query answering in DL knowledge bases, adding
both monotonic and non-monotonic rules to DL. In the future, the work on DL will both
continue along the above mentioned lines and focus on dynamic aspects, such as update and
revision of DL knowledge bases, and reasoning about programs expressed on such
knowledge bases.

The Semantic Technologies aim at intelligent information processing by creating and
connecting machine-understandable information, sometimes called the Semantic Web. Our
research in this area mainly focuses on representation languages, in particular for ontologies.
A remarkable outcome of our research in this area is the standardization of the OWL 2 QL
ontology specification language by the World Wide Web Consortium. OWL 2 QL directly
derives from DL-Lite, a family of ontology formalisms which we proposed and studied in our
recent research in this field.

Reasoning about Actions concerns the theory and the implementation of agents that reason,
act and perceive in changing, incompletely known, and unpredictable environments. Such
agents must have higher level cognitive functions that involve reasoning, for example, about
goals, actions, when to perceive and what to look for, the cognitive states of other agents,
time, collaborative task execution, etc. Our research on Reasoning about Actions focuses on
several aspects, including: foundations of theory of actions; various forms of planning or
automated process synthesis for sophisticated dynamic properties, e.g., expressed in mu-



calculus, ATL, LTL, LTLf, and LDLf; high-level agent programs, like ConGolog based on the
Situation Calculus; agent behavior synthesis and composition. This research is also related
with, and applied to, other areas, such as cognitive robotics, multi-agent/multi-robot systems,
software service modeling, execution and composition, high-level programs and business
processes over ontologies and data sources.

One specific application where knowledge representation has been applied is Spoken
Language Understanding in the context of Robotics. Specifically, we have addressed the
interpretation of spoken commands and the extension to handle more complex forms of
dialog. The knowledge about the environment and the robot capabilities are used by the
system in order to build the language that specifies robot commands. Moreover, the
knowledge about the environment (semantic map), can be used to bias the interpretation of
commands through a spoken language command interpretation chain that is based on
statistical off-the-shelf tools.

Finally, the group also investigates the synergistic integration of Natural Language
Processing and Knowledge Representation.

Several group members are recipients of prestigious awards, are regularly involved in
editorial activities of the scientific community, and are invited to deliver keynote talks at
international conferences or workshops.

Publications

Journal papers

Brunori Damiano, Colonnese Stefania, Cuomo Francesca, Flore Giovanna, Iocchi Luca
"Delivering resources for augmented reality by UAVs: a reinforcement learning approach”.
In: Frontiers In Communications And Networks, (volume: 2) (2021), pp. 1 - 14.
DOI: 10.3389/frcmn.2021.709265

Oriol X., De Giacomo G., Estanol M., Teniente E. "Embedding reactive behavior into artifact-
centric business process models". In: Future Generation Computer Systems, (volume: 117)
(2021), pp. 97 - 110. DOI: 10.1016/j.future.2020.11.018

Gutierrez Juilan, Murano Aniello, Perelli Giuseppe, Rubin Sasha, Steeples Thomas, Wooldridge
Michael "Equilibria for Games with Combined Qualitative and Quantitative Objects".
In: Acta Informatica, (2021). DOI: 10.1007/s00236-020-00385-4

Gutierrez Julian, Harrenstein Paul, Perelli Giuseppe, Wooldridge Michael "Expressiveness and
Nash Equilibrium in Iterated Boolean Games". In: Acm Transactions On Computational Logic,
(volume: 22) (2021). DOI: 10.1145/3439900

De Giacomo Giuseppe, Di Stasio Antonio, Tabajara Lucas M., Vardi Moshe, Zhu Shufang
"Finite-Trace and Generalized-Reactivity Specifications in Temporal Synthesis". In: Ijcai,
(2021). DOI: 10.24963/ijcai.2021/255

Di Stasio Antonio, Murano Aniello, Prignano Vincenzo, Sorrentino. Loredana "Improving parity
games in practice". In: Annals Of Mathematics And Artificial Intelligence, (2021).
DOI: 10.1007/s10472-020-09721-3

De Giacomo Giuseppe, Oriol Xavier, Rosati Riccardo, Savo Domenico Fabio "Instance-Level
Update in DL-Lite Ontologies through First-Order Rewriting". In: The Journal Of Artificial
Intelligence Research, (volume: 70) (2021), pp. 1335 - 1371. DOI: 10.1613/jair.1.12414

Hogan A., Blomqvist E., Cochez M., D'amato C., Melo G. D., Gutierrez C., Kirrane S., Gayo J. E.
L., Navigli R, Neumaier S., Ngomo A. -c. N., Polleres A., Rashid S. M., Rula A,
Schmelzeisen L., Sequeda ]., Staab S., Zimmermann A. "Knowledge graphs". In: Acm
Computing Surveys, (volume: 54) (2021), pp. 1 - 37. DOI: 10.1145/3447772



Cecconi Alessio, De Giacomo Giuseppe, Di Ciccio Claudio, Maggi Fabrizio Maria, Mendling Jan
"Measuring the interestingness of temporal logic behavioral specifications in process
mining". In: Information Systems, (2021). DOI: 10.1016/j.i5.2021.101920

Gutierrez J., Perelli G., Wooldridge M. "Multi-player games with LDL goals over finite traces".
In: Information And Computation, (volume: 276) (2021). DOI: 10.1016/.ic.2020.104555

Abate Alessandro, Gutierrez Julian, Hammond Lewis, Harrenstein Paul, Kwiatkowska Marta,
Najib Muhammad, Perelli Giuseppe, Steeples Thomas, Wooldridge Michael "Rational
verification: Game-Theoretic Verification of Multi-Agent Systems". In: Applied Intelligence,
(2021). DOI: 10.1007/5s10489-021-02658-y

De Giacomo G., Lenzerini M., Leotta F., Mecella M. "From Component-Based Architectures to
Microservices: A 25-years-long Journey in Designing and Realizing Service-Based
Systems". In: Next-gen Digital Services. A Retrospective And Roadmap For Service Computing
Of The Future, (2021), pp. 3 - 15. DOI: 10.1007/978-3-030-73203-5_1

Console Marco, De Giacomo Giuseppe, Lenzerini Maurizio, Namici Manuel "Intensional and
Extensional Views in DL-Lite Ontologies". In:[jcai, (2021), pp. 1822 - 1828.
DOI: 10.24963/ijcai.2021/251

De Giacomo G., Favorito M., Leotta F., Mecella M., Silo L. "Digital Twins Composition via
Markov Decision Processes". In: Ceur Workshop Proceedings, (volume: 2952) (2021), pp. 44 -
49.

Conference proceedings

D., Colonnese S., Cuomo F., Iocchi L. "A reinforcement learning environment for multi-service
UAV-enabled wireless systems". In:2021 leee International Conference On Pervasive
Computing And Communications Workshops And Other Affiliated Events, Percom Workshops
2021, (2021), pp. 251 - 256. DOI: 10.1109/PerComW orkshops51409.2021.9431048

Lacerra Caterina, Pasini Tommaso, Tripodi Rocco, Navigli Roberto "ALaSca: an Automated
approach for Large-Scale Lexical Substitution". In: Proceedings Of The Thirtieth International
Joint Conference On Artificial Intelligence, (2021), pp. 3836 - 3842. DOI: 10.24963/ijcai.2021/528

Orlando Riccardo, Conia Simone, Brignone Fabrizio, Cecconi Francesco, Navigli Roberto
"AMuSE-WSD: an all-in-one multilingual system for easy word sense disambiguation”.
In: Proceedings Of The 2021 Conference On Empirical Methods In Natural Language Processing:
System Demonstrations, (2021), pp. 298 - 307. DOI: 10.18653/v1/2021.emnlp-demo.34

Aminof Benjamin, De Giacomo Giuseppe, Rubin Sasha "Best-Effort Synthesis: Doing Your Best
Is Not Harder Than Giving Up". In: Proceedings Of The Thirtieth International Joint Conference
On Artificial Intelligence, Ijcai 2021, (2021). DOI: 10.24963/ijcai.2021/243

De Giacomo Giuseppe, Favorito Marco "Compositional Approach to Translate LTLf/LDLf into
Deterministic Finite Automata". In: Proceedings Of The Thirty-first International Conference
On Automated Planning And Scheduling, Icaps 2021, (2021), pp. 122 - 130.

Barba Edoardo, Procopio Luigi, Navigli Roberto "ConSeC: Word Sense Disambiguation as
Continuous Sense Comprehension". In: Proceedings Of The 2021 Conference On Empirical
Methods  In Natural  Language  Processing,  (2021), pp. 1492 -  1503.
DOI: 10.18653/v1/2021.emnlp-main.112

Cima Gianluca, Lembo Domenico, Marconi Lorenzo, Rosati Riccardo, Savo Domenico Fabio,
Sinibaldi Daniele "Controlled Query Evaluation over Ontologies through Policies with
Numerical Restrictions". In: 2021 Ieee Fourth International Conference On Artificial Intelligence
And Knowledge Engineering (aike), (2021).

Cima Gianluca, Lembo Domenico, Marconi Lorenzo, Rosati Riccardo, Fabio Savo Domenico
"Controlled Query Evaluation over Prioritized Ontologies with Expressive Data Protection
Policies". In: The Semantic Web — Iswc 2021, (volume: 12922) (2021).

Martelli Federico, Navigli Roberto, Krek Simon, Kallas Jelena, Gantar Polona, Koeva Svetla,
Nimb Sanni, Sandford Pedersen Bolette, Olsen Sussi, Langemets Margit, Koppel Kristina,



Uksik Tiiu, Dobrovoljc Kaja, Urefia-ruiz Rafael-j., Sancho-sanchez José-luis, Lipp Veronika,
Véradi Tamas, Gyorffy Andras, Laszld6 Simon, Quochi Valeria, Monachini Monica,
Frontini Francesca, Tiberius Carole, Tempelaars Rob, Costa Rute, Salgado Ana, éibej Jaka,
Munda Tina "Designing the ELEXIS Parallel Sense-Annotated Dataset in 10 European
Languages". In: Proceedings Of Elex 2021, (2021).

Agostinelli S., Bergami G., Fiorenza A., Maggi F. M., Marrella A., Patrizi F. "Discovering
Declarative Process Model Behavior from Event Logs via Model Learning". In: Proceedings
- 2021 3rd International Conference On Process Mining, Icpm 2021, (2021), pp. 48 - 55.
DOI: 10.1109/ICPM53251.2021.9576870

Ronca Alessandro, De Giacomo Giuseppe "Efficient PAC Reinforcement Learning in Regular
Decision Processes". In: Proceedings Of The Thirtieth International Joint Conference On
Artificial Intelligence, Ijcai 2021, (2021). DOI: https://doi.org/10.24963/ijcai.2021/279

Barba Edoardo, Pasini Tommaso, Navigli Roberto "ESC: Redesigning WSD with Extractive
Sense Comprehension". In: In Proceedings Of The 2021 Conference Of The North American
Chapter Of The Association For Computational Linguistics: Human Language Technologies 2021,
(2021).

Barba Edoardo, Procopio Luigi, Lacerra Caterina, Pasini Tommaso, Navigli Roberto
"Exemplification Modeling: Can You Give Me an Example, Please?". In: Proceedings Of The
Thirtieth International Joint Conference On Artificial Intelligence, (2021), pp. 3779 - 3785.
DOI: 10.24963/ijcai.2021/520

Conia S., Navigli R. "Framing word sense disambiguation as a multi-label problem for model-
agnostic knowledge integration". In: Eacl 2021 - 16th Conference Of The European Chapter Of
The Association For Computational Linguistics, Proceedings Of The Conference, (2021), pp. 3269
- 3275.

Blloshmi Rexhina, Conia Simone, Tripodi Rocco, Navigli Roberto "Generating Senses and
RoLes: An End-to-End Model for Dependency- and Span-based Semantic Role Labeling".
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3.2.4 Artificial Intelligence and Robotics

Research lines:

e Artificial Intelligence and Robotics

e Cognitive Robotics

e Human-Robot Interaction

e Information Fusion

e Mobile Robot Navigation

e Multi-Agent and Multi Robot Systems
¢ Reinforcement Learning

¢ Robot Competitions and Benchmarking
¢ Robot Perception

e Robot Security

¢ Semantic Knowledge for Robots

e Sensor Calibration

e Simultaneous Localization and Mapping
e Social Robotics

Members: GRISETTI Giorgio, IOCCHI Luca, NAPOLI Christian and NARDI Daniele (leader)

Post Docs: BRIGATO Lorenzo, CARBONE LORIO Carlos Salvador, RICCIO
Francesco and WANG Lun

Affiliated: CAPOBIANCO Roberto

PhD students: CATACORA OCANA Jim Martin, FAWAKHER]JI Mulham, SCHLEGEL
Dominik and YOUSSEF ALI

The research in this area is at the intersection between Artificial Intelligence and Robotics,
and has its roots in the early Al research that targeted robots as embodiments of the
intelligent agent.

The key scientific challenge, which has received a significant push by the recent devel-
opments in sensor technology and robotics, is the ability to deal with manifold represen-
tations of knowledge that enable robots to perform complex tasks in a dynamic, unknown
environment populated by other (robotic and human) agents. One section of the work aims
at analizing perceptual data to create a rich world model, through the interpretation of
sensor data and/or data coming from other information sources, including spoken lan-
guage understanding. Another section of the research aims at developing various types of
inference to support the actions of the robot in the environment, in particular within social
contexts and in the interaction with the user. Both perception and action are often addressed
in scenarios where multiple agents cooperate both in distributed perception and in task
execution.

The research group builds on the experience acquired through robotic competitions in the
context of RoboCup, started back in 1998, not only in robot soccer, but also in Res- cue,
@Home and @Work competitions. Hence, one characterizing aspect of the research
approach is a strong emphasis on the experimental validation of the proposed technical



solutions through the implementation of system prototypes and their evaluation through
suitable benchmarking methodologies.

The application domains, where the research ideas have been tested and experimen- tally
evaluated, include virtual agents and multi-robot systems in soccer, emergency re- sponse
robots, surveillance, agriculture and service robots. Specifically, the problem of sensor
fusion and situation awareness has been targeted in the framework of maritime
surveillance.

Several open-source hardware and software components and data sets are released and
listed in our Web site www.diag.uniromal.it/"labrococo. They include the design of a
small mobile robot MARRtino, the software libraries Petri Net Plans, soccer robot vision
applications (GNAO), IMBS, PHIS, PTracking, NICP, IMU-TK, D2CO, Easy-
DepthCalibration, and the data sets data sets for maritime surveillance (MarDT), and the
spoken language processing chain LU4R (in collaboration with Univ. Tor Vergata) and the
data set for spoken command understanding (Huric).

The group has a solid tradition of cooperation with other research groups worldwide, and
is very interested in establishing new collaborations and hosting foreign researchers and
students.
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3.2.5 Computer Networks and Pervasive Systems

Research lines:
e Blockchain Technologies
e Decentralized Applications
e Internet of Things
o Networks of Resource Constrained Devices
e Self-* Protocols and Systems
e Wireless and Sensor Networks

Members: BECCHETTI Luca, BERALDI Roberto, CHATZIGIANNAKIS
loannis, MARCHETTI SPACCAMELA Alberto (leader), QUERZONI
Leonardo and VITALETTI Andrea

The miniaturization of electronic devices and the advancements in telecommunications,
make it possible the realization of ubiquitous pervasive systems, i.e. systems in which
information processing has been thoroughly and transparently integrated into everyday
objects and activities. These systems are composed of heterogeneous tiny artefacts such as
wireless sensor nodes, RFID and NFC tags and readers, mobile phones etc. Such devices
are often constrained in their computational and energy resources and are often organized
in networks that do not rely on wired infrastructures and that contribute to the realization
of the Internet of Things (IoT).

The realization of such systems requires new solutions in the design of algorithms and
protocols for wireless ad hoc networks connecting large numbers of devices. Such net-
works might be very large and operate in a highly dynamic environment: sensor nodes
move, enter and exit the system and are prone to faults, while communication links are
often noisy and unreliable. As a consequence, adopted solutions should be
simple, efficient, and robust; in particular, since energy is usually provided by batteries,
energy efficiency must always be considered as a primary goal. The scale and nature of
pervasive systems requires networks able to react to unexpected events and to operate
beyond the complete understanding and control of the designer and of the user. In fact,
these systems should achieve an appropriate level of self-organization and integration to
adapt to continuously changing environments and to cope with unforeseen faults.

Our research focuses on the design, analysis, experimentation and implementation of
algorithms and protocols for the Internet of Things.

We are also interested in solving complex communications primitives such as service
discovery and event-based data diffusion, with the final goal of characterizing sensors
networks as a data storage and retrieval. In these context, interesting security and privacy
issues emerge that due to the limited resources and the distributed nature of the
applications, require the development of new techniques and algorithms. We complement
our research with an extensive experimental work that is based on simulations (using
network simulators such as NS2, OMNET++ and Shawn), and on test-beds (e.g., we run a
permanent test-bed of wireless sensor network to monitor the ancient roman remains at the
basement of DIAG and we have about 600 active tags to collect and analyze the so-called
proximity graph, namely a graph in which nodes are users and there is a link between two
nodes if there are in proximity).



More recently we have started a research activity on decentralized applications and the
employment of blockchain technologies to support the development of a new distributed
architectures beyond the classical client/server paradigm.



3.2.6 Computer Vision, Computer Graphics, Deep Learning

Research lines:
e Action and Activity Recognition
e Activity Understanding from 3D data
e Anticipation and Forecasting
e Augmented Reality
e Gesture Recognition
e Human Motion Analysis
e Memory and next step prediction in Long Short Time Memory (LSTM) Networks
e Physics based methods
e Scene Representation
e Visual Search and Execution Monitoring

Members: NTOUSKOS Valsamis and SCHAERF Marco (leader)

Affiliated: PIRRI Fiora (Former)

Post Docs: SANZARI Marta
PhD students: ALATI Edoardo, PUJA FRANCESCO

The Computer Vision, Computer Graphics, Deep Learning group is a multidisciplinary
team of researchers that investigates several knowledge areas and apply them to scientific
problems in many contexts. The team works on several topics related to Computer Vision
and Graphics:

Visual Search — Visual search of relevant targets in the environment is a crucial robot skill.
Our research group investigates this topic by proposing a number of frame- works for the
execution monitor of a agent task (described in the next section), taking care of the agent
attitude to visually searching the environment for targets involved in the task. Visual search
is also relevant in the field of artificial Intelligence for robotics and find one of its best
application in the task of recovering from a failure. Our works exploit deep reinforcement
learning to acquire a com- mon sense scene structure and it takes advantage of a deep
convolutional network to detect objects and relevant relations holding between them.

Visual Execution Monitoring — The execution and monitoring of high-level robot actions
in a real environment can be concretely enhanced addressing the problem with an hybrid
deterministic/nondeterministic state machine streaming perceptual information,
strengthened by visual search and recognition. Our research line focuses on the great results
of deep learning, which allow to strongly rely on visual perception, for both monitoring the
state of the world in terms of preconditions and postconditions that hold before and after
the execution of an action and using a search policy to either guide where to look at or to
refocus in case of a failure.

Action and Activity Recognition, Anticipation and Forecasting — Different works in
literature afford the problem of Actions and Activities Recognition, Anticipation and
Prediction in videos. The complexity of the problem requires the consideration of many
aspect. First of all, the recognized action sequence has to be consistent with the final task of



the whole activity. Furthermore, much attention needs to be given to the prediction of the
correct action in those instances where specific sequences are under represent in the dataset
not because of the likelihood of them to happen. Finally, several implementation problems,
caused by the large dimension of the data used, need to be addressed. Our researched work
focused on tackling those problems producing a novel network, the Anticipation and
Forecasting Network (AFN).

Memory and next step prediction in Long Short Time Memory Networks — Following the
line of work presented in the above section we particularly placed much attention to the
behavior of LSTMs in keeping past information through the various iterations. In the
context of action forecasting this is a crucial step to address since the forecasting step is
possible only if the relevant information are kept in memory. We also focused our attention
on understanding the relation between the features of past sequences and future steps both
mathematically and in the practically in the available datasets.

Scene Representation and Interpretation — In order to deal with real environment and
complex tasks and problems, there is the necessity of having an optimized scene
representation to deal with. This kind of representation needs to be at the same time
parsimonious and full of information. Therefore, our research group investigates possible
representations as Mental Maps, which exploits the semantic, geometrical and ...
information kept by a semantic segmentation that includes only the elements that could be
useful to the agent to achieve its task.

Object Detection and Instance Segmentation — Object detection is the task of detecting
instances of certain object classes (such as humans, buildings or cars) in digital images and
videos. Well-researched sub-tasks include face detection and pedestrian detection. Instance
segmentation is the task of grouping parts of the image that belongs to the same entity or
class. In the field of research that combines Object Detection and Instance Segmentation, a
new approach is proposed: from the classical machine learning algorithms, the research
community moved to a neural network approach via the use of several new architecture.
Inspired from, first, Faster-RCNN network developed by Ren, Shaoqing, He, Kaiming,
Girshick, Ross and Sun, Jian (2015) and, then, Mask-RCNN developed by He, Kaiming,
Gkioxari, Georgia, Dolld r, Piotr, Girshick, Ross (2017), our research focused on developing
new architectures by improving performances, computation time, capacity and multi-
tasking properties.

Scene and Context Understanding — The problem of enabling an agent to perceive and
understand the surrounding environment is not limited only to a correct representation via
a semantic segmentation. A set of objects and a number of structural or contextual scene
details can define a context. This information is crucial to infer some information but, even
more, to disambiguate the increasing uncertianty that each prediction introduces in the
prediction system. Therefore, our research group investigates the algorithms, both of
classical machine learning and deep learning, to extract contexts from the analyzed data
and allow big frameworks to operate correctly with an enriched knowledge of the world.

Augmented Reality — Within the context of our research activities, Augmented Reality is
becoming a compelling technology mainly for the interactive 3D visualization. First, it was
used in the context of archaeological sites on hand-held devices and for building of complex
planning scenarios for robots, eliminating the need to model the dynamics of both the robot
and the real environment as it would be required by whole simulation environments. Then,
relevant applications in this field are related to the augmentation of real environments with



additional elements. Our research on these topics is mainly focused on the use of generative
models and, in particular, Generative Adversarial Models.

Dense Image Fusion, Meshing, 3D Surface Reconstruction — In the field of Object Re-
construction, a new approach is proposed for 3D modeling of articulated objects,
specifically animals, using both components and component aspects. A component of an
articulated object is defined here to be that part of it, which is only partially deformable. An
aspect is defined as a view of the component from a specific vantage point. Aspects are
fixed for an object component. Each aspect is modeled from a single image, using an
inflation algorithm and the deformation paradigm. Then aspects are blended and merged
together to form the whole component.

Gesture Recognition from 3D data — The problem of Human Primitives Recognition is
investigated, in our research work, within Motion Capture sequences. In this con- text, we
investigated methods based on Gaussian Process Latent Variable Models and Alignment
Kernels. We propose a new discriminative latent variable model with back-constraints
induced by the similarity of the original sequences. We com- pare the proposed method
with methods based on Dynamic Time Warping and with V-GPDS models, which are able
to model highly dimensional dynamical systems. Another line of work is to recognize
human actions, starting from a 3D input data sequence, independently from the camera
point of view and from the physical aspect of the person under examination. To face this
problem, Kernelized Temporal Cut is used for segmenting the sequence and finding cut
points among different actions. Then, a spatio-temporal manifold model is used for
representing the time series data and a spatio-temporal alignment algorithm is introduced
in order to find matches between action segments.

Terrain Traversability in Rescue Environments — 3D Terrain understanding and structure
estimation is a crucial issue for robots navigating rescue scenarios. Unfortunately, large
scale 3D point clouds provide no information about what is ground, and what is top, what
can be surmounted and what can be not, what can be crossed, and what is too deep to be
traversed. In this context, this research work mainly concentrated in providing methods for
point cloud structuring which can lead to a definition of traversability cost maps.



3.2.7 Cybersecurity

Research lines:
e Data privacy and security
e Malware Analysis
e Security for cyber-physical systems
e Security governance
e Threat intelligence

Members: AMERINI Irene, ANGELINI Marco, BERALDI Roberto, BONOMI

Silvia, CATARCI Tiziana, COPPA Emilio, D'AMORE Fabrizio, D'ELIA Daniele Cono, DELLI
PRISCOLI Francesco, DEMETRESCU Camil (leader), DI GIORGIO Alessandro, DI LUNA
Giuseppe Antonio, IOCCHI Luca, LAZZERETTI Riccardo, LEMBO Domenico, MARCHETTI-
SPACCAMELA Alberto, MECELLA Massimo, PIETRABISSA Antonio, QUERZONI
Leonardo, ROSATI Riccardo and SANTUCCI Giuseppe

Post Docs: BORZACCHIELLO Luca, BRIGATO Lorenzo and TORTORELLI Andrea

PhD students: GERMANA Roberto, LAURENZA Giuseppe (Former), MASSARELLI
Luca, NICCHI Simone (Former), ARTUSO Fiorella, BARDHI Enkeleda, BORRELLO
Pietro, CARELLO Maria Patrizia, CONSOLE Francesca and FERRACCI Serena

Affiliated: BALDONI Roberto (Former)

The cybersecurity group is a multidisciplinary team of researchers that collates several
knowledge areas and apply them to scientific problems in the context of IT security. The
team works on several diverse topics related to cybersecurity, including;:

Attack modeling. Among all the existing Attack models, Attack graphs represent a nice
abstraction to capture the notion of multi-step attack i.e., an attack toward a specific target
executed taking intermediate steps in which the attacker compromises several entireties
and exploits their vulnerability to reach the target. Several attack graph representations
exist in literature but they suffer the same limitation: they are poorly scalable and consider
only vulnerability related to the underlying network infrastructure. We study how to
improve the scalability of the attack graph generation process and how to enrich the attack
graph with other types of information (e.g., application vulnerabilities, human
vulnerabilities, etc.).

Representation models for binary code. The exponential growth of the internet of things
and the related growth of firmware require automated techniques that could scale and
analyze thousands of binaries in a short amount of time. The Cybersecurity group at DIAG
has a keen interest in developing techniques to represent and analyze binaries using Deep
Neural Networks. Specifically, it has an experience on the problem of binary similarity
(recognize if two binaries share some similarities) and automated function naming (assign
automatically meaningful names to snippets of binary code). These works are carried out
in collaboration with companies and other universities.



Blockchain. Blockchain is an emerging paradigm that allows storing data in a fully
decentralized system guaranteeing data integrity and transparency in the data flow.
Actually, several technologies exist that allow users to develop and deploy his/her own
blockchain. We are studying issues related to blockchain scalability (in terms of achieved
performance) and security against external attacks.

Cyber-physical systems. Protection and preventive control of cyber-physical systems
(including robots) via model-based control-theoretical approaches and machine learning
approaches. Robust control and model predictive control are being utilized to safely operate
complex systems, such as SCADA controlled Critical Infrastructures (e.g., Power
Networks), in order to assure service resilience and operational efficiency. On a related
research line, we study novel solutions for the protection of IoT devices from external
malicious interactions based on the behavioral analysis of the attacker. Finally, we exploit
machine learning (in particular, unsupervised or semi-supervised methods) to detect
anomalies in complex cyber-physical systems, including robots interaction with people in
public environments.

Analysis-Resistant Code. We develop methodologies and tools for both anticipating
attackers and helping defenders, as in: program analyses for adversarial code showing anti-
analysis techniques, code protection methods against reverse engineering attacks,
identification of transparency flaws in popular program instrumentation systems, analysis
of payloads encoded using weird-machine abstractions. We strive to build solutions that
can meet the day-to-day needs of security professionals (for instance, we developed
effective solutions for handling evasive malware that hides its true colors when executing
in a controlled environment), and work on cutting-edge instrumentation systems (e.g.,
dynamic binary instrumentation, virtual machine introspection) and program encoding
schemes (such as weird machine abstractions). Malware analysis and software protection
are the two most prominent application domains for this strand of research.

Malware Analysis Support Tools. Understanding the behavior of malware requires a
semiautomatic approach including complex software tools and human analysts in the loop.
However, the huge number of malicious samples developed daily calls for some
prioritization mechanism to carefully select the samples that really deserve to be further
examined by analysts. This avoids computational resources be overloaded and human
analysts saturated. We investigate a malware triage stage where samples are quickly and
automatically examined to promptly decide whether they should be immediately
dispatched to human analysts or to other specific automatic analysis queues, rather than
following the common and slow analysis pipeline.

Privacy Preserving Applications. Private computing provides a clever way to process data
without revealing any details about the data itself to the party in charge of processing it.
Data protection can be achieved by encrypting the signals and processing them in
encrypted form. Possible applications of this approach are virtually endless. Among them,
we explore privacy-preserving biometric matching, biomedical signal processing, private
sensor fusion in IoT swarms, and private sample analysis for malware identification.

Code Reuse Attacks and Defenses. Code reuse attacks are exploits in which an attacker can
execute arbitrary code on a compromised machine without having to inject any instruction



in memory, as they achieve the intended behavior by joining fragments of code belonging
to a legit software component already present in memory. Return oriented programming
(ROP) attacks are the most common form of such attacks. We have been building a
collection of ROP exploits of increasing complexity to foster their study in the research
community; we also developed a tool for inspecting and analyzing how a ROP attack takes
place, which can sometimes be a cumbersome task even for security professionals due to
the entanglements of ROP code, and frequently a disheartening one for researchers. We are
exploring how to ameliorate the overheads of existing system defenses against code reuse
attacks by leveraging monitoring primitives available in the most recent families of
processors, as performance is a key factor for their adoption.

Side Channels. Protecting the confidentiality of security-sensitive information in modern
computer systems is a requirement more and more challenging to satisfy in the face of
increasingly sophisticated microarchitectural side-channel attacks. These attacks allow
adversaries to leak information from victim execution by observing changes in the
microarchitectural state, typically via timing measurements. We study automatic
hardening transformations for software victims such as cryptography libraries subject to
timing leaks, and investigate attacks for hardware victims as it is the case with popular
transient execution attacks.

Swarm Attestation. Remote attestation protocols are widely used to detect device
configuration (e.g., software and/or data) compromise in Internet of Things (IoT) scenarios.
Unfortunately, the performances of such protocols are unsatisfactory when dealing with
thousands of smart devices. Upon the recent concept of noninteractive attestation, we are
approaching the collective attestation problem by reducing it into a minimum consensus
one and the results confirm the suitability of such a solution for low-end devices, and highly
unstructured networks.

Symbolic execution. In recent years symbolic execution has drawn considerable attention
from academic and industrial researchers, with notable applications to, e.g., software
testing, program verification, and security. We authored a survey of symbolic execution
techniques, reviewing the state of the art in the design, implementation, and open research
problems in the area, with particular attention to cybersecurity aspects. We have been
researching in memory modeling problems for symbolic executors, proposing a model that
can accurately capture pointer dereferencing operations, which are critical for instance in
the detection of vulnerabilities (such as use-after-free and heap overflow) and in turn for
their exploitation. We also explored how symbolic execution can help reconstruct the
protocol used in Remote Access Trojans, which are weapons used by cybercriminals to
control infected endpoints. Finally, we have explored how to effectively run in parallel a
symbolic executor and a coverage-guided fuzzer in a hybrid setup in order to find bugs and
vulnerabilities in real-world programs.

Visual analytics. Visual Analytics is the science of analytical reasoning facilitated by visual
interactive interfaces. In the cyber-security domain it allows the human to manipulate and
manage large quantities of data through powerful visual abstractions, supporting
heterogeneous analysis tasks like monitoring, proactive and reactive analysis, what-if
analysis and prediction. The support is at different levels, ranging from strategic decision
processes down to active cyber-attacks countermeasures. We are actively studying novel
visual analytics solutions for cybersecurity, focused on supporting proactive analysis of



cyber-risk status for complex networks, real-time response to cyber attacks, effective
explanation of learning process for malware classifiers, cybersecurity policy assessment
and specification through standard frameworks (e.g. NIST cyber-security framework).
Solutions regarding improving situational awareness of cyber-security operators under
stressful situations and support to digital forensics activities are currently under
development.

Multimedia forensics and security. Multimedia forensics aims to introduce novel
methodologies to support clue analysis and to provide an aid for making a decision about
sophisticated crimes and terrorist threats by looking at multimedia content as an
investigated material. In all cases (e.g., forensic investigations, fake news debunking,
information warfare, and cyberattacks) where images and videos serve as critical
demonstrative evidence, forensic technologies that help to determine the origin,
authenticity of sources, and integrity of multimedia content can become essential tools. For
this reason, we are developing technological instruments for verifying image and video
origin and authenticity; proposing techniques that basically allow the user to identify
forgeries in multimedia objects, distinguishing among deepfake/pristine content and to
infer the origin of a digital content at acquisition device and social media level.

The cybersecurity group members are also strongly involved in the activities of the
Research Center of Cyber Intelligence and Information Security (CIS). CIS does leadership
applied research in the context of cyber security, information assurance, critical information
infrastructure protection, trend prediction, open-source intelligence, cyber physical
systems and smart complex systems. Advanced capabilities in cyber intelligence will be
indeed essential in the next years due to the pervasiveness of cloud, social computing and
mobility technologies, that lower the control that organizations and governments have over
systems, infrastructure and data. CIS aims at designing better information security
methodologies, threat profiles and at elaborating defense strategies taking into account the
economic and legal impact in a unique framework. Research results are applied to real
world contexts such as cyberwarfare, fraud detection, stock market stability, detection of
tax evasion, monitoring of mission-critical systems, early warning systems, and smart
environments.
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Sakkalis Vangelis "Emerging and Established Trends to Support Secure Health Information
Exchange". In: Frontiers In Digital Health, (volume: 3) (2021).
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Massarelli Luca, Di Luna Giuseppe Antonio, Petroni Fabio, Querzoni Leonardo, Baldoni
Roberto "Function Representations for Binary Similarity". In:leee Transactions On
Dependable And Secure Computing, (2021), pp. - 15. DOI: 10.1109/TDSC.2021.3051852

Conference proceedings
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for proActive anaLysis Using visual analyticS". In: 2021 leee Symposium On Visualization For
Cyber Security (vizsec), (2021), pp. 15 - 25. DOIL: 10.1109/VizSec53666.2021.00007

Borzacchiello Luca, Coppa Emilio, Demetrescu Camil "Fuzzing Symbolic Expressions". In: 2021
leee/acm 43rd International Conference On Software Engineering (icse), (2021), pp. 711 - 722.
DOI: 10.1109/ICSE43902.2021.00071

Borrello Pietro, Coppa Emilio, D'elia Daniele Cono "Hiding in the Particles: When Return-
Oriented Programming Meets Program Obfuscation". In: 2021 51st Annual Ieee/ifip
International Conference On Dependable Systems And Networks (dsn), (2021), pp. 555 - 568.
DOI: 10.1109/DSN48987.2021.00064

Angelini M., Bonomi S., Ciccotelli C., Palma A. "Toward a Context-Aware Methodology for
Information Security Governance Assessment Validation". In: Cyber-physical Security For
Critical Infrastructures Protection, (volume: 12618) (2021), pp. 171 - 187. DOI: 10.1007/978-3-
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Di Luna G. A., Italiano D., Massarelli L., Osterlund S., Giuffrida C., Querzoni L. "Who's
Debugging the Debuggers? Exposing Debug Information Bugs in Optimized Binaries".
In: Asplos 2021: Proceedings Of The 26th Acm International Conference On Architectural Support
For Programming Languages And Operating Systems, (2021), pp. 1034 - 1045.
DOI: 10.1145/3445814.3446695
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Di Luna Giuseppe Antonio, Italiano Davide, Massarelli Luca, Osterlund Sebastian, Giuffrida
Cristiano, Querzoni Leonardo "Distinguished paper award". In: Who’s Debugging The
Debuggers? Exposing Debug Information Bugs In Optimized Binaries, (2021).



3.2.8 Data Management and Service-Oriented Computing

Research lines:
e Data cleaning
e Data Integration and Exchange
e Data quality
e Data Warehousing
e Ontology Based Data Management
e Process and Workflow Management
e Service Modeling
e Service Synthesis and Composition

Members: CARLUCCI AIELLO Luigia (Former), CATARCI Tiziana, DE GIACOMO
Giuseppe, LEMBO Domenico, LENZERINI Maurizio (leader), LEOTTA
Francesco, MARRELLA Andrea, MECELLA Massimo, PATRIZI Fabio and ROSATI Riccardo

Post Docs: AGOSTINELLI Simone, CIMA Gianluca, LEPORE Lorenzo, SANTARELLI
Valerio, SAPIO Francesco and SCAFOGLIERI Federico

PhD students: CROCE Federico, FERRO Lauren Stacey, NAMICI Manuel and VALENTINI
Riccardo

Our interest in Data Management dates back to the 80's, when the main research topics
addressed by our group were conceptual modeling and schema integration, now evolved into
Information Integration and Data Exchange. Information integration is the problem of
combining the data residing at different heterogeneous sources, and providing a virtual unified
view of these data, called global schema, which can be queried by the users. Data Exchange
focuses instead on the problem of materializing the global schema according to the data
retrieved from the sources. Ontology-based data management (OBDM) is a promising direction
for addressing the above challenges. The key idea of OBDM is to resort to a three-level
architecture, constituted by the ontology, the sources, and the mapping between the two, where
the ontology is a formal description of the domain of interest, and is the heart of the whole
system. With this approach, the integrated view that the system provides to information
consumers is not merely a data structure accommodating the various data at the sources, but a
semantically rich description of the relevant concepts in the domain of interest, as well as the
relationships between such concepts. Other Data Management topics related to Information
Integration are also investigated, including View-based Query Processing, Data Warehousing,
Data Quality, and Data Cleaning.

Our research interests include several aspects of Service-Oriented Computing, and its
relationship with Data Management. Services in our context are autonomous, platform-
independent computational elements that can be described, published, discovered, orchestrated
and programmed for the purpose of developing distributed interoperable ap- plications. We are
particularly interested in service modeling and automatic service composition. In this area, we
proposed what in the community is now known as the “Roman model”, and contributing to
one of the first solutions to automated service composition. Since its introduction, the Roman
model has been studied by several research groups worldwide, and is one of the key references
in the formal approaches to automated service composition. We have also studied Service



Synthesis, as well as Process and Workflow Management, with a special focus on principles and
techniques for modeling the interaction between processes and data.

Data and Service Integration is considered one of the main challenges that Information
Technology (IT) currently faces. It is highly relevant in classical IT applications, such as
enterprise information management and data warehousing, as well as in scenarios like scientific
computing, e-government, and web data management. Our long-term goal is to lay the
foundations of a new generation of information integration and service composition systems,
whose main characteristics are:

1. posing the semantics of the application domain at the center of the scene,
combining the management of data with the management of the processes and ser- vices
using such data in the organization, and

3. shifting the role of the conceptual model from a design-time to a run-time artifact.

In our vision, the functionalities provided by the system include answering queries posed in
terms of the conceptual model by suitably accessing the source data, performing updates over
the conceptual models by invoking the appropriate updates on the sources, and realizing
complex goals expressed by the client by automatically composing available services. The basic
idea for realizing this goal is to combine principles, methods and techniques from different
areas, namely, Data Management, Service-Oriented Computing, Knowledge Representation
and Reasoning, and Formal Methods.

In 2019, members of the research group have been invited to organize various events, and to
deliver keynote speeches at various conferences and workshops:

Tiziana Catarci is the Editor-in-Chief of the ACM Journal of Data and Information Quality. In
2018 she has been Area chair of IEEE ICDE 2018 and General Chair of AVI 2018. Since 2016 she
is member of the prestigious European Academy of Sciences and Arts. Since 2016 she has been
included among the “100 Women for Science” project - http://www.100esperte.it/. In 2018 she
has been included among the “Inspiring- Fifty”, https://italy.inspiringfifty.org/, the most
influential women in the tech world. In 2018 she has been nominated fellow of the EAI -
European Alliance for Innovation. She is the co-EiC of the EAI Transactions on Ambient
Systems. She is in the Editorial Board of the WWW Journal and in the Editorial Board of the
Journal on Data Semantics;

Giuseppe De Giacomo is Review Editor of Artificial Intelligence (Elsevier) and member of the
Editorial Board of Acta Informatica, he is an honorary member of the Steering Committee
Member of the International Conference on Principles of Knowledge Representation and
Reasoning (KR), he is the Program Chair of the 24th European Conference on Artificial
Intelligence (ECAI 2020), and Area Chair of the 34th AAAI Conference on Artificial Intelligence
(AAAI 2020);

Domenico Lembo is vice-president (2018-2021) of the Steering Committee of the
International Conference on Web Reasoning an Rule Systems (RR);

Maurizio Lenzerini is Area Editor of Information Systems - An International Journal for the area
of Data Modeling and Knowledge Representation and Reasoning Techniques, Area Editor of
Logic Journal of the IGPL (Oxford Journal of the Interest Group in Pure and Applied Logic), for
the area of Logic for Knowledge Representation and the Semantic Web, Area Editor of Journal
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of Applied Logic for the area of Logic for Knowledge Representation and the Semantic Web, in
the Editorial Board of the LMCS - Logical Methods in Computer Science, for the areas of
Database theory and Logic for knowledge representation, in the Editorial Board of Big Data
Research, Elsevier, in the Editorial Board of Intelligenza Artificiale, The International Journal of
the AI*IA. He was Program Co-Chair of the The 2nd IEEE International Conference on Artificial
Intelligence and Knowledge Engineering, IEEE AIKE 2019, in the Program Committee of the
International Conference on Database Theory, ICDT 2019, in the Senior Program Committee of
the Thirty-third AAAI Conference on Artificial Intelligence, AAAI 2019, in the Program
Committee of the Extended Semantic Web Conference, ESWC 2019, in the Program Committee
of the 32th International Workshop on Description Logics, DL 2019, in the Program Committee
of the 13rd International Workshop on Information Search, Integration, and Personalization,
ISIP 2019, in the Program Committee of the 17th International Conference on Scientometrics &
Informetrics, ISSI 2019, in the Program Committee of the 18th International Semantic Web
Conference, ISWC 2019, in the Program Committee of the 3rd International Joint Conference on
Rules and Reasoning, RuleML+RR 2019. Since 2005 he is Member of the Sistemi Evoluti di Basi
di Dati (SEBD) Steering Committee. He is also Member of the Scientific Advisory Board of BiCi
- Bertinoro international Center for Informatics, and Member of the Advisory Board of the
European Research Institute in Service Science (ERISS);

Since 2017, Andrea Marrella is the Information Director of the ACM Journal on Data
Quality (ISSN 1936-1955) and serves/has served regularly as a reviewer for a top class journal of
Information Systems and Artificial Intelligence. He serves/has served in the Program
Committee of high ranked conferences such as IJCAI, AAAI, CAiSE, BPM, ICSSP, BIS, SAC,
AVI. Since 2019, he organizes the workshop on Artificial Intelligence for Business Process
Management (AI4BPM), in the range of the BPM conference. In 2021, he will act as PC Chair of
ITBPM, the ITalian forum on Business Process Management. In 2019, he received the Best
Forum Paper Award at CaiSE 2019 (31st Int. Conf. on Advanced Information Systems
Engineering — GII-GRIN/CORE Class A) for his paper on “Achieving GDPR Compliance of
BPMN Process Models”.

Finally, Antonella Poggi was Program chair of the First International Workshop on Open Data
and Ontologies for Cultural Heritage (ODOCH'19) and Workshops chair of ACM
womENcourage 2019.

Publications

Conference proceedings
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Sinibaldi Daniele "Controlled Query Evaluation over Ontologies through Policies with
Numerical Restrictions". In: 2021 leee Fourth International Conference On Artificial Intelligence
And Knowledge Engineering (aike), (2021).

Cima Gianluca, Lembo Domenico, Marconi Lorenzo, Rosati Riccardo, Fabio Savo Domenico
"Controlled Query Evaluation over Prioritized Ontologies with Expressive Data Protection
Policies". In: The Semantic Web — Iswc 2021, (volume: 12922) (2021).

Agostinelli S., Bergami G., Fiorenza A., Maggi F. M., Marrella A., Patrizi F. "Discovering
Declarative Process Model Behavior from Event Logs via Model Learning". In: Proceedings
- 2021 3rd International Conference On Process Mining, Icpm 2021, (2021), pp. 48 - 55.
DOI: 10.1109/1CPM53251.2021.9576870



Cima Gianluca, Lembo Domenico, Marconi Lorenzo, Rosati Riccardo, Fabio Savo Domenico "On
Information Disclosure in Ontology-based Data Access (Extended Abstract)".
In: Proceedings Of The 34th International Workshop On Description Logics (dl 2021), (volume:
2954) (2021).

Cima G., Croce F., Lenzerini M. "Query Definability and Its Approximations in Ontology-based
Data Management". In: International Conference On Information And Knowledge Management,
Proceedings, (2021), pp. 271 - 280. DOI: 10.1145/3459637.3482466

De Giacomo Giuseppe, Murano Aniello, Patrizi Fabio, Perelli Giuseppe "Timed Trace
Alignment with Metric Temporal Logic over Finite Traces". In:Kr 2021, (2021).
DOI: 10.24963/kr.2021/22
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Valentini Riccardo, Carrani Eugenio, Torre Marina, Lenzerini Maurizio "Ontology modelling
for the Italian Arthroplasty Registry". In: Abstract Book Isar 2021, (2021).

Valentini Riccardo "Ontology and data modeling for the Italian Arthroplasty Registry". In:,
(2021).



3.2.9 Distributed Systems

Research lines:
e Distributed Systems Interoperability
e Event-based Systems
¢ Fog Computing
¢ Resource Sharing Systems
e Secure and robust distributed systems
e Smart Environments
e Streaming
e Theoretical Aspects of DLTs

Members: BERALDI  Roberto, BONOMI  Silvia (leader), DI LUNA  Giuseppe
Antonio and QUERZONI Leonardo

Post Docs: FARINA Giovanni
Affiliated: BALDONI Roberto (Former) and CICIANI Bruno (Former)

The Distributed Systems group has developed, in the last fifteen years, a solid worldwide
reputation in the context of theory and practice of distributed, pervasive and p2p
computing, middleware platforms, data processing, and information systems
infrastructures. On these topics, the group has created strong relationships with the most
influential research groups in the world. We developed several theories and practical
experiences in various topics including checkpointing, causal and total ordering theory,
distributed replication, group communication, distributed agreement, publish subscribe
systems, dynamic systems, byzantine fault tolerance, distributed stream processing, etc.

The distributed systems group has participated and successfully coordinated several
important EU projects in the context of e-government, security and dependability of large
scale systems, and protection of critical infrastructures. It has developed remarkable
connections with the major Italian ICT industries and Public Administrations for creating
innovative solutions and prototypes transferring the latest results from research area into
practice.

Current research areas include:

Byzantine fault-tolerant algorithms: in the past few years the group has proposed several
solutions in the area of BFT focusing, in particular, on algorithms for dynamic settings and
algorithms for robust lattice agreement algorithms.

Distributed stream processing systems: since 2003 the group has regularly proposed novel
solutions for improving the efficiency of distributed stream processing systems. In
particular, we focused our efforts on designing solutions to dynamically adapt the system
runtime to changes in the input load distribution to tackle different goals (e.g. latency
reduction, throughout maximization, efficient resource usage, etc.)

Dynamic networks and population protocols: The group has a keen interest in the study
of dynamic networks, especially the one composed by anonymous processes. In this area,
it has designed the first known terminating counting algorithms for rooted interval-



connected networks, bootstrapping the research in the field. Regarding, population
protocols the group has been the first to investigate computability under faulty interactions
increasing the understanding of fault-tolerance for population protocols. The group also
provided contribution to the analysis of theoretical aspect of distributed systems affected
by continuous churn i.e., the phenomenon of continuously changing the set of processes
participating in to the distributed system.

Mobile agents and robots: The DS group has strong expertise in the field of mobile agents
(autonomous entities inhabiting a graph) and mobile robots (autonomous entities
inhabiting an euclidean space). Regarding mobile agents, it has been the first to investigate,
with a distributed perspective, the problems of exploration, gathering, patrolling, and black
hole search on dynamic interval connected graphs. While in the field of robots it has been
the first to study the computational power of luminous robots in the obstructive model, and
it has given general contributions in understanding the computational power of oblivious
robots in the setting of restricted visibility.

The Distributed Systems group is also strongly involved in the activities of the Research
Center of Cyber Intelligence and Information Security (CIS). CIS does leadership research
in the context of cyber security, information assurance, critical information infrastructure
protection, trend prediction, malware analysis, open-source intelligence, cyber physical
systems and smart complex systems. Advanced capabilities in cyber intelligence will be
indeed essential in the next years due to the pervasiveness of cloud, social computing and
mobility technologies, that lower the control that organizations and governments have over
systems, infrastructure and data. CIS aims at designing better information security
methodologies, threat profiles and at elaborating defense strategies taking into account the
economic and legal impact in a unique framework. Research results are applied to real
world contexts such as cyberwarfare, fraud detection, stock market stability, detection of
tax evasion, monitoring of mission-critical systems, early warning systems and smart
environments.

Publications

Conference proceedings

Bonomi Silvia, Farina Giovanni, Tixeuil Sébastien "Broadcasting Information in Multi-hop
Networks Prone to Mobile Byzantine Faults". In: Networked Systems, (volume: 12129) (2021),
pp. 112 - 128. DOI: 10.1007/978-3-030-67087-0_8

Farhat Omar, Daudjee Khuzaima, Querzoni Leonardo "Klink: Progress-Aware Scheduling for
Streaming Data Systems". In: In Proceedings Of The 2021 International Conference On
Management Of Data (sigmod/pods '21), (2021), pp. 485 - 498. DOI: 10.1145/3448016.3452794

Bonomi Silvia, Decouchant Jeremie, Farina Giovanni, Rahli Vincent, Tixeuil Sebastien "Practical
Byzantine Reliable Broadcast on Partially Connected Networks". In:2021 Ieee 41st
International Conference On Distributed Computing Systems (icdcs), (2021), pp. 506 - 516.
DOI: 10.1109/ICDCS51616.2021.00055



3.2.10 High Performance and Dependable Computing Systems

Research lines:
e Heterogeneous Computing
e High Performance Computing
e  Multi-core Programming
e Multi-tier Architectures
¢ Non-blocking/Wait-Free Algorithms
e Operating Systems
o Parallel and Distributed Computing Platforms
e Performability Models
e Software Instrumentation and Compiling Techniques
e Software Reversibility on Non-Reversible Systems
e Transactional Systems
e Virtualization and Cloud Computing

Members: CICIANI Bruno (leader)
Post Docs: DI SANZO Pierangelo and PELLEGRINI Alessandro

PhD students: BACOCCQO Duilio Luca, CARNA Stefano, CONOCI STEFANO, MAROTTA
ROMOLO, PICCIONE Andrea and SILVESTRI Emiliano

The High Performance and Dependable Computing Systems research group research
activities are focused on differentiated aspects of computing and service-oriented
applications and platforms, spanning from theory to modeling, design and
implementation. Significant results have been achieved in:

e system-level cyber security, with a special focus on speculative execution;

e operating systems and virtualization, with a special focus on innovative capabilities
offered by modern operating systems;

e the definition of frameworks and protocols for dependability in large scale
infrastructures, with particular attention to application contexts entailing manipulation
of data within (atomic) distributed transactions;

e the design and implementation of high-performance computing with particular
interest to discrete event simulation platforms conforming to both proprietary and
standardized protocol stacks;

e the design and development of innovative operating system services oriented to
support-high performance computing applications and data intensive ones;

e binary instrumentation to transparently inject non-functional, rather
performance/reliability-oriented capabilities, within general applications;

e the design of techniques for improving energy-efficiency of applications deployed on
massively-parallel machines;

e the design and/or exploitation of transactional memory paradigms, either software- or
hardware-based;

e the design and implementation of transparent middleware-level software to enable
software reversibility on top of non-reversible hardware, as a building block to



optimize execution of data-intensive applications and/or enable post-mortem
reversible debugging;

e the definition and validation of accurate performance and dependability models for
components/sub-systems forming the core of the aforementioned computing
environments.

The vision characterizing the research of this group is based on a strong synergy between
theoretical studies and design/development techniques aimed at bridging theory and
practice by accurately assessing the viability of research results in environments and
application contexts based on current technologies, and in those that can be foreseen via
emerging technological trends. Up to now, various open source packages have been re-
leased as a concrete indication of the effectiveness of the aforementioned approach. Some
of the publicly-released packages have been already adopted by other (foreign) research
centers/industrial parties.

Several research challenges can be easily envisaged along the paths of Quality-of- Service
(QoS) oriented design of systems, as well as the design of autonomic systems embedding
self-properties aimed at ensuring/guaranteeing/achieving pre-determined performance
and/or dependability levels. The container hosting and framing these challenges will
include both traditional system organizations and innovative computing environments
relying on systematic use of infrastructure virtualization approaches, such as cloud
computing. Further, we target innovative programming models and paradigms, such as
sequential/concurrent programming based on (a) transparent and automatic techniques
supporting reverse computing schemes as a mean for maintaining causal consistency as
well as guaranteeing fault tolerance and security, and to enable reversible/post-mortem
debugging (b) transparent injection via instrumentation of non-functional logic within
generic applications so as to guarantee the possibility to drive the execution of these
applications while optimizing resource/energy usage as well as performance.

The group is constantly collaborating with University of Rome "Tor Vergata" (DICII
department), University of L'Aquila, CNR (SAKS group).



3.2.11 Human-Computer Interaction

Research lines:
e Automated Personalization and Adaptation in Web-based Learning
e Game-based Technology-Enhanced Learning
e Information Visualization
e Usability Engineering and Accessibility
o User Interfaces
e Visual control
e Web-based Social Collaborative Learning

Members: ANGELINI Marco, CATARCI Tiziana (leader), LEOTTA
Francesco, MARRELLA Andrea, MECELLA Massimo, SANTUCCI
Giuseppe and TEMPERINI Marco

Post Docs: SAPIO Francesco
PhD students: BLASILLI Graziano and FERRO Lauren Stacey

Human-Computer interaction (HCI) is the study of the interaction between people (users)
and computers. Such an interaction traditionally occurs at the user interface, but its
effectiveness is strongly related with the design of the entire interactive system, referring in
particular to the way in which it supports the user in achieving her/his goals and executing
her/his tasks. Indeed, an important facet of HCI is the securing of the interactive system
usability. The research group started working on HCI topics during the late “80s, while
developing a visual interface for databases. This pioneering work can be regarded as one
of the first and most significant examples of deep analysis and formalization of the
interaction between the user and the database, which takes into consideration both usability
issues and language related aspects.

Following these lines, the group developed another relevant research topic, namely the
definition of adequate visual representations of the databases, in terms of both schema and
instances. Note that using a consistent visual representation to depict the information of
interest is crucial in order for the user to correctly grasp the database in- formation content.
Related with visual representation is information visualization, i.e. the use of computer-
based, visual, interactive representations of information with the purpose of making sense
out of data, acquire knowledge, discover new information, and effectively present the
result.

In the last years we focused on clutter reduction for information visualization analyzing the
visual issues associated with the use of density maps focusing on the correct assignment of
visual variable values to a data domain, taking into account its frequency distributions.
Other HCI topics are also investigated, including the study of specific usability,
accessibility, and adaptivity methodological aspects, the interaction with different realms,
e.g. digital libraries, cultural artifacts, mobile and ubiquitous systems, technology-
enhanced learning environments.

Designing interactive systems that could be effectively, efficiently and with satisfaction
used by people exhibiting different characteristics, needs, preferences and abilities is
getting more and more important in Information Technology research and development,



as it is clearly demonstrated by the growing importance of the user role in research projects
as well as in public administration developments, by the introduction in several Laws of
precise usability and accessibility requirements for governmental information systems, by
the continuous increase of funding for HCI-related research at EU and inter- national level.

We have been among the pioneers of the research in this field in Europe, in particular in the
effort of giving formal basis to the definition of interaction while considering human-
related, perceptual aspects. We are still continuing in this direction, in particular by
working on a machine-interpretable and machine-learnable model of user task that will be
the basis for a novel task-oriented interaction model, to be tested in personal in- formation
environments. Furthermore, innovative interaction styles, e.g. brain-computer interfaces,
ubiquitous and sensor-based environments, extreme visualizations, are under study, as
well as novel design methodologies, advancing traditional user-centered design both with
the injection of agile concepts and directly encompassing accessibility aspects.

Publications

Journal papers

Catarci Tiziana, Marrella Andrea, Santucci Giuseppe, Sharf Mahmoud, Vitaletti Andrea, Di
Lucchio Loredana, Imbesi Lorenzo, Malakuczi Viktor "From Consensus to Innovation.
Evolving Towards Crowd-based User-Centered Design". In: International Journal Of
Human-computer Interaction, (2020), pp. 1 - 16. DOI: 10.1080/10447318.2020.1753333

De Medio C., Limongelli C., Sciarrone F., Temperini M. "MoodleREC: A recommendation
system for creating courses using the moodle e-learning platform". In: Computers In Human
Behavior, (volume: 104) (2020), pp. 1 - 14. DOI: 10.1016/j.chb.2019.106168

Sciarrone F., Temperini M. "K-OpenAnswer: a simulation environment to analyze the dynamics
of massive open online courses in smart cities". In: Soft Computing, (2020), pp. 1 - 14.
DOI: 10.1007/s00500-020-04696-z

Gennari R., Vittorini P., De La Prieta F., Di Mascio T., Temperini M., Silveira R. A., Carranza D.
A. O. "Preface-Mis4TEL2019". In: Advances In Intelligent Systems And Computing, Volume
1007, 2020, Pages V-vi, 9th International Conference In Methodologies And Intelligent Systems
For Technology Enhanced Learning, Mis4tel 2019, (2020), pp. v - vi. DOI: 10.1007/BF01400704

Popescu E., Hao T., Hsu T. -c., Xie H., Temperini M., Chen W. "Preface". In: Emerging Technologies
For Education, (2020), pp. v - Vi.

Conference proceedings

Veneruso S., Ferro L. S., Marrella A., Mecella M., Catarci T. "A game-based learning experience
for improving cybersecurity awareness". In: Itasec 2020 Italian Conference On Cyber Security,
(volume: 2597) (2020), pp. 235 - 242.

Veneruso S. V., Catarci T., Ferro L. S., Marrella A., Mecella M. "V-DOOR: A Real-Time Virtual
Dressing Room Application Using Oculus Rift". In: Acm International Conference Proceeding
Series, (2020), pp. 1 - 3. DOI: 10.1145/3399715.3399959

Audrito G., Di Mascio T., Fantozzi P., Laura L., Martini G.,, Nanni U., Temperini M.
"Recommending tasks in online judges". In: Methodologies And Intelligent Systems For
Technology Enhanced Learning, 9th International Conference, (volume: 1007) (2020), pp. 129 -
136. DOI: 10.1007/978-3-030-23990-9_16

Wang L., Iocchi L., Marrella A., Nardi D. "HRI Users' Studies in the Context of the SciRoc
Challenge: Some Insights on Gender-Based Differences". In: Hai 2020 - Proceedings Of The



8th International Conference On Human-agent Interaction, (2020), pp. 287 - 289.
DOI: 10.1145/3406499.3418763

Badea G., Popescu E., Sterbini A., Temperini M. "Exploring the Peer Assessment Process
Supported by the Enhanced Moodle Workshop in a Computer Programming Course".
In: Methodologies And Intelligent Systems For Technology Enhanced Learning, 9th International
Conference, Workshops, (volume: 1008) (2020), pp. 124 - 131. DOI: 10.1007/978-3-030-23884-
116

De Marsico M., Sciarrone F., Sterbini A., Temperini M. "An Environment to Model Massive
Open Online Course Dynamics". In: Knowledge Discovery, Knowledge Engineering And
Knowledge Management. Ic3k 2018. Communications In Computer And Information Science, Vol
1222, (volume: 1222) (2020), pp. 74 - 89. DOI: 10.1007/978-3-030-49559-6_4

3.2.12 Natural language processing

Research lines:
e Multilinguality
e Natural Language Processing
e Natural Language Understanding

PhD students: BEJGU Andrei Stefan, BONOMO Tommaso, HUGUET CABOT Pere-
Lluis, MARTINELLI Giuliano, MOLFESE Francesco Maria, ORLANDO
Riccardo, PERRELLA Stefano and PROIETTI Lorenzo

The Sapienza Natural Language Processing Group (Sapienza NLP), led by prof. Roberto
Navigli, includes a large team of Ph.D. students and researchers which are part of the
Computer, Control and Management Engineering Department and the Computer Science
Department of the Sapienza University of Rome. The group aims at devising and
developing innovative approaches to multilingual Natural Language Understanding and
Generation. Sapienza NLP pursues a vision focused on integrating explicit, symbolic
information with cutting-edge deep learning. The group's work is financed by several
sources of funding, including ERC grants, other EU and national projects, and the
Babelscape, a successful spin-off company.
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Catarci Tiziana, Marrella Andrea, Santucci Giuseppe, Sharf Mahmoud, Vitaletti Andrea, Di
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Evolving Towards Crowd-based User-Centered Design". In: International Journal Of
Human-computer Interaction, (2020), pp. 1 - 16. DOI: 10.1080/10447318.2020.1753333

De Medio C., Limongelli C., Sciarrone F., Temperini M. "MoodleREC: A recommendation
system for creating courses using the moodle e-learning platform". In: Computers In Human
Behavior, (volume: 104) (2020), pp. 1 - 14. DOI: 10.1016/j.chb.2019.106168

Sciarrone F., Temperini M. "K-OpenAnswer: a simulation environment to analyze the dynamics
of massive open online courses in smart cities". In: Soft Computing, (2020), pp. 1 - 14.
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Gennari R., Vittorini P., De La Prieta F., Di Mascio T., Temperini M., Silveira R. A., Carranza D.
A. O. "Preface-Mis4TEL2019". In: Advances In Intelligent Systems And Computing, Volume
1007, 2020, Pages V-vi, 9th International Conference In Methodologies And Intelligent Systems
For Technology Enhanced Learning, Mis4tel 2019, (2020), pp. v - vi. DOI: 10.1007/BF01400704

Popescu E., Hao T., Hsu T. -c., Xie H., Temperini M., Chen W. "Preface". In: Emerging Technologies
For Education, (2020), pp. v - Vi.

Conference proceedings

Conia S., Navigli R. "Framing word sense disambiguation as a multi-label problem for model-
agnostic knowledge integration". In: Eacl 2021 - 16th Conference Of The European Chapter Of
The Association For Computational Linguistics, Proceedings Of The Conference, (2021), pp. 3269
- 3275.

Blloshmi Rexhina, Conia Simone, Tripodi Rocco, Navigli Roberto "Generating Senses and
RoLes: An End-to-End Model for Dependency- and Span-based Semantic Role Labeling".
In: Proceedings Of The Thirtieth International Joint Conference On Artificial Intelligence (ijcai-
21), (2021), pp. 3786 - 3793. DOL: 10.24963/ijcai.2021/521

Bevilacqua Michele, Blloshmi Rexhina, Navigli Roberto "One SPRING to Rule Them Both:
Symmetric AMR Semantic Parsing and Generation without a Complex Pipeline". In: Aaai-
21 Technical Tracks 14, (volume: 35) (2021), pp. 12564 - 12573.

Pasini Tommaso, Raganato Alessandro, Navigli Roberto "XL-WSD: An Extra-Large and Cross-
Lingual Evaluation Framework for Word Sense Disambiguation". In: Aaai-21 Technical
Tracks 15, (volume: 35) (2021), pp. 13648 - 13656.



3.3 Economics and Management Engineering

3.3.1 Industrial Organization and Management

Research lines:
e Economics and Management of Education and Research
e Economics and regulation of network industries
e Operations Management
e Productivity and efficiency analysis
e Project Management
e R&D, Innovation, and public policies
e Renewable Energy Sources and Environmental Policies
e Strategic Management
e Sustainability and environmental management

Members: ANNARELLI Alessandro, AVENALI Alessandro, CATALANO Giuseppe, CONTI
Chiara, D'ADAMO Idiano, D'ALFONSO Tiziana, DARAIO Cinzia, DI PILLO

Francesca, FRACCASCIA Luca, MARZANO Riccardo, MATTEUCCI Giorgio, NASTASI
Alberto (leader), NONINO Fabio, PALOMBI Giulia and REVERBERI Pierfrancesco

Post Docs: ACCIARINI Chiara, GREGORI Martina, QUAGLIA Giammarco and VONA Luigi
Affiliated: DANGELICO Rosa Maria

PhD students: DI LEO Simone, GIAGNORIO Mirko, PETITTI Federico and SCHIAROLI
Valerio

The research activity of the group, which includes general issues in industrial economics,
public policy, and management, focuses on the following research lines:

Economics and regulation of network industries

Operations management

Productivity and efficiency analysis

Project Management

R&D, Innovation, and public policies

Strategic Management

Sustainability and environmental management

N oL

For each research line, the main research topics are highlighted as follows:

1. Economics and regulation of network industries

o Competition, regulation, investment incentives, and industrial policy in network
industries, with a focus on air transport, rail transport, local public transport and
utilities

o Game-theoretic models to assess the welfare effects of access conditions to
enduring economic bottlenecks, depending on the vertical industry structure,
with a focus on telecommunications and transportation

o Allocation and pricing of scarce network resources



O O O O

o O O O

Sharing economy and peer-to-peer platforms

Standard cost assessment of public transport

Efficiency and effectiveness analysis regarding local public transport

Strategic and business aspects of rolling stock management for public transport
(introduction of alternative fuel technologies)

Changes on mobility-framework towards more sustainable solutions

Economic benchmarking of transport modes

Competition in passenger transportation markets

Dynamic congestion

Operations management

o

Auction mechanism for valuable economic resources allocation with
complementarity/substitutability relationships, cost analysis, top-down and
bottom-up cost models

Operational aspects of environmental sustainability practices at both the company
and the network level

Productivity and efficiency analysis

o

Theoretical, methodological, and empirical models for the assessment of
efficiency, effectiveness and impact.

Advanced nonparametric and robust methods for the assessment of public and
private services

Performance evaluation of academy departments and heterogeneity analysis of
European higher education institutions

Investigations on the economics, management, and modeling of scientific research
and higher education

Project Management

o

Business opportunities and social welfare resulting from an effective integration
of sustainability principles inside project management practices both at corporate
and project manager individual level

Managerial implications of project management practices and organizational
aspects (e.g., informal social networks, individuals” and small groups” behavior,
culture) with interest in specific emergent contexts such as industry 4.0, circular
economy, and cyber security

R&D, Innovation, and public policies

o

Theoretical and empirical models applied to the analysis of the drivers of
innovative performance, with a special interest in externalities, public policies’
impact on R&D strategies, and welfare effects

Relationship between R&D investment decisions and environmental policies
focusing on their role in spurring innovation

Empirical research on innovation and diffusion of clean technologies within
Europe investigating the impact of EU support



o Analysis of the interplay among competition, regulation, and the incentives to
invest in product quality, with a focus on research-intensive industries

o Economic aspects of privacy regulation, in particular on the role of consumers’
data in innovation processes

6. Strategic Management
o Ownership and corporate governance mechanisms and their interaction with the
institutional variety as drivers of firm’s internationalization strategies

7. Sustainability and environmental management

o Operational and business aspects of circular economy strategies, e.g., industrial
symbiosis, renewable energy production, waste management, bioeconomy,
industry 4.0

o Circular business models

o Operational and managerial aspects linked to relevant strategic transitions of
companies, i.e., the servitization of business and the digital transformation of
business

o Consumer behavior towards the adoption of green innovations

o Antecedents, outcomes, and success factors of the integration of environmental
sustainability within firm strategies and innovation development

o Effects of trade liberalization in environmental goods as a means of helping
developed and developing countries alike deal with environmental problems

Finally, the group has established scientific collaborations with national and international
public institutions and universities. It is part of the European Network of Indicators
Designers (ENID) and of the observatory on Local Public Transport of the Ministry of
Infrastructures and Transport (MIT). It has implemented and implements collaborations
with several institutions, e.g.: (1) the National Agency for University and Scientific
Research Evaluation (ANVUR), the Ministry of Education, Universities, and Research
(MIUR) concerning the evaluation of the impact of public policies for higher education and
scientific research; the Ministry of infrastructures and Transport and the European
Commission on the themes of the standard cost of local public transport; (3) ENEA (Italian
National Agency for New Technologies, Energy and Sustainable Economic Development)
on the themes related to industrial symbiosis.
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Journal papers

Avenali A., Catalano G., D'alfonso T., Giagnorio M., Gregori M., Matteucci G. "A bottom-up
cost model for electric railbased regional public transport services: The ITALIAN
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DOI: 10.1016/j.jup.2021.101277

Rousseau S., Catalano G., Daraio C. "Can we estimate a monetary value of scientific
publications?". In: Research Policy, (volume: 50) (2021). DOI: 10.1016/j.respol.2020.104116

Capece G., Di Pillo F. "Chinese website design: Communication as a mirror of culture".
In: Journal Of Marketing Communications, (volume: 27) (2021), pp. 137 - 159.
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Morone P., Caferra R., D'adamo I, Falcone P. M., Imbert E., Morone A. "Consumer willingness
to pay for bio-based products. Do certifications matter?". In: International Journal Of
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(volume: 32) (2021), pp. 424 - 436. DOI: 10.1016/j.cirpj.2021.01.010

Colasante Annarita, D'adamo Idiano, Morone Piergiuseppe "Nudging for the increased
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entrepreneurship within the context of smes: Evidence from latin america".
In: Sustainability, (volume: 13) (2021). DOI: 10.3390/su13158129
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3.4 Operations Research

3.4.1 Combinatorial Optimization

Research lines:
e Computational Biology and Bioinformatics
e Data Mining and Classification
e Graph theory and Optimization
e Information Reconstruction
e Polyhedral Combinatorics
e Portfolio Optimization
e Robust Optimization
o Satisfiability in Propositional Logic
e Scheduling and Job-shop Scheduling
e Telecommunication Network Design

Members: BRUNI Renato, FURINI Fabio, MELONI Carlo and SASSANO Antonio (leader)

Combinatorial Optimization is a thriving field at the forefront of discrete mathematics and
theoretical computer science. Its main focus is the efficient discovery of specific data
structures and optimal set of objects into a finite (but large) collection of feasible solutions.
Graph Theory, Integer Programming and Polyhedral Combinatorics are the key
methodological tools in this area.The activity of the Combinatorial Optimization Group at
DIAG dates back to the early "90s and has been focused both on the theoretical properties
of combinatorial structures and the use of sophisticated algorithmic tools to solve real-life
problems. In particular, major research has been carried out on the following subjects:
polyhedral properties of set covering, stable set and p-median problems; perfect graph
theory, exact and heuristic algorithms for stable set and set covering; algorithms for
coloring and frequency assignment problems; decomposition algorithms and
reformulations for wireless network design problem; fixed network design and survival
network design; algorithms for job-shop scheduling and railway traffic management;
algorithms for satisfiability of logic formulae, algorithms for information reconstruction in
large datasets, algorithms for classification based on propositional logic, algorithms for
inconsistency selections, algorithms for the optimal and robust determination of control
parameters of vehicles or spacecrafts.The group is currently cooperating with the Italian
Ministry of Economic Development, the Italian Authority of Telecommunications
(AGCOM), Fondazione “Ugo Bordoni” and Istituto Nazionale di Statistica (ISTAT). In the
last 10 years, the group has been involved in a large number of national and international
projects and has developed methods and algorithms aimed at the optimal design of
broadcasting networks. The scientific leadership gained in this field has motivated a stable
cooperation with the Italian Authority for Telecommunication and the decisive
contribution of the group to the design of the national (analog and digital) TV and radio
plans. The current key members of the group have published more than 100 journal papers,
several book chapters, and two books. Moreover they are or have been editors of some of
the main journals in the field of Operations Research and Optimization. In addition to
further development of on-going research project, our future activities involve the study of
optimization algorithms to rescue or prevent financial crises and for portfolio management;



algorithms for clustering and imputation of Educational Institutions in the study of
educational systems; algorithms for weighted matching and stable set problems;
polyhedral properties of the stable set polyhedron and of interval and staircase matrices;
optimization techniques for classification problems in machine learning; purely
combinatorial approaches to wireless network design; railway traffic control and

optimization on single-track networks.
Publications

Journal papers

Bruni Renato, Daraio Cinzia, Aureli Davide "Information reconstruction in educational
institutions data from the European tertiary education registry". In: Data In Brief, (volume:
34) (2021). DOI: 10.1016/j.dib.2020.106611



3.4.2 Continuous Optimization

Research lines:
e Big Data Optimization
e Bilevel Optimization
e Derivative Free Methods
e Engineering Design Optimization
e Game Engineering
e Global Optimization
e Mixed Integer Nonlinear Programming
e Neural Networks and Support Vector Machines
e Nonlinear Optimization
e Parallel and distributed optimization methods
e Resource allocation in communication networks
e Semidefinite Programming
e Simulation-based optimization
e Variational Inequalities

Members: DE SANTIS Alberto, DE SANTIS Marianna, DOSE Valerio, FACCHINEI Francisco
(leader), LIUZZI Giampaolo, LUCIDI Stefano, PALAGI Laura, PICCIALLI Veronica, ROMA
Massimo, SAGRATELLA Simone, SALZO Saverio and SCIANDRONE Marco

Post Docs: CROELLA Anna Livia

PhD students: BATTISTA Federico, BORESTA Marco (Former), CALAMITA Alice, COPPOLA
Corrado, D'AVINO  Arcangelo, D'ONOFRIO  Federico, MARIOSA  Raffaele, MEROLLA
Davide, MONACI = Marta, PATRIA  Daniele, IERMARINI  Christian, PINTO  Diego
Maria, PRIORI Gianluca and TRONCI Edoardo Maria (Former)

Research in continuous optimization has been active at DIAG since its foundation. Early
research was essentially devoted to the theory of exact penalization and to the development
of algorithms for the solution of constrained nonlinear programming problems through
unconstrained techniques. Significant early contributions were also given in the field of
unconstrained optimization, with the introduction of non monotone line searches, non
monotone globalization strategies and convergent derivative-free line search techniques.
The Continuous Optimization group later expanded into an active and highly valued
optimization research team with a wide range of interests.

The following areas are object of current research.

* Exact penalty and augmented Lagrangian methods, still constituting the founding
block of many optimization methods and a springboard for many of the studies of the
group.

* Non-monotone methods and decomposition techniques for the solution of difficult
large-scale nonlinear optimization problems and nonlinear equations.

¢ Preconditioning Newton-Krylov and Nonlinear Conjugate Gradient methods in
nonconvex large scale optimization, which is an important tool for efficiently solving
large difficult problems.



* Derivative-free algorithms, of special interest in many engineering applications where
even the calculation of function values is problematic and very time-consuming.
* Global optimization, which is an essential tool for solving problems where local non-
global solutions may be meaningless.
* Semidefinite programming, which plays an essential role in the development of
efficient algorithms for solving relaxations of non-convex and integer problems.
e Finite dimensional variational inequalities and complementarity problems, which
often arise in modeling a wide array of real-world problems where competition is
involved.
* Generalized Nash equilibrium problems, which are emerging as a winning way of
looking at several classical and non-classical engineering problems.
¢ Training methods for neural networks and support vector machines, for constructing
surrogate models of complex systems from sparse data through learning techniques.
* Mixed Integer Nonlinear Programming (MINLP) problems that combine
combinatorial aspects with nonlinearities.
The Continuous Optimization group interacts intensively with many other research
groups, both in the academic and industrial world, in an ongoing cross-fertilization process.
This process led to several innovative applications in such different fields as:

¢ Design of electro-mechanic devices.

* Development of electromagnetic diagnostic equipments.

* Power allocation in TLC.

* Shape optimization in ship design.

* Multiobjective optimization of nanoelectronic devices.

* Optimization of ship itineraries for a cruise fleet.

e Sales forecasting in retail stores.
Moreover, as a spin-off of the activity carried out in applied optimization, the company
ACTOR (Analytics, Control Technologies and Operations Research) has been founded.
ACTOR is participated by Sapienza University, by researchers of the Department and by
the private company ACT Solutions. The main aim of ACTOR is to develop and
commercialize advanced optimization models and methods to be employed in the
production and management of goods and services.

Publications

Journal papers

Seccia De Santis M., Eichfelder G. "A decision space algorithm for multiobjective convex
quadratic integer optimization". In: Computers & Operations Research, (volume: 134) (2021).
DOI: 10.1016/j.cor.2021.105396

Mancuso P., Piccialli V., Sudoso A. M. "A machine learning approach for forecasting hierarchical
time series". In: Expert Systems With  Applications, (volume: 182) (2021).
DOI: 10.1016/j.eswa.2021.115102

Galvan G., Sciandrone M., Lucidi S. "A parameter-free unconstrained reformulation for
nonsmooth problems with convex constraints". In: Computational Optimization And
Applications, (volume: 80) (2021), pp. 33 - 53. DOI: 10.1007/s10589-021-00296-1

Ceccarelli F., Olivieri G., Sortino A., Dominici L., Arefayne F., Celia A. I., Cipriano E., Garufi C.,
Lapucci M., Mancuso S., Natalucci F., Orefice V., Perricone C., Pirone C., Pacucci V. A,
Spinelli F. R., Truglia S., Alessandri C., Sciandrone M., Conti F. "Comprehensive disease



control in systemic lupus erythematosus". In: Seminars In Arthritis And Rheumatism,
(volume: 51) (2021), pp. 404 - 408. DOI: 10.1016/j.semarthrit.2021.02.005

Liuzzi G., Locatelli M., Piccialli V., Rass S. "Computing mixed strategies equilibria in presence
of switching costs by the solution of nonconvex QP problems". In: Computational
Optimization And Applications, (volume: 79) (2021), pp. 561 - 599. DOI: 10.1007/s10589-021-
00282-7

De Santis A., Giovannelli T., Lucidi S., Messedaglia M., Roma M. "Determining the optimal
piecewise constant approximation for the nonhomogeneous Poisson process rate of
Emergency Department patient arrivals". In: Flexible Services And Manufacturing
Journal Arxiv:2101.11138, (2021). DOI: 10.1007/s10696-021-09408-9

Fava G., Giovannelli T., Messedaglia M., Roma M. "Effect of different patient peak arrivals on
an Emergency Department via discrete event simulation". In: Simulation, (2021).
DOI: 10.1177/00375497211038756

GalliL., Galvan G., Levato T., Liti C., Piccialli V., Sciandrone M. "Football: Discovering elapsing-
time bias in the science of success". In: Chaos, Solitons And Fractals, (volume: 152) (2021).
DOI: 10.1016/j.chaos.2021.111370

Piccialli V., Sudoso A. M. "Improving non-intrusive load disaggregation through an attention-
based deep neural network". In: Energies, (volume: 14) (2021). DOI: 10.3390/en14040847

Bianchi Luigi, Liti Chiara, Liuzzi Giampaolo, Piccialli Veronica, Salvatore Cecilia "Improving
P300 Speller performance by means of optimization and machine learning". In: Annals Of
Operations Research, (2021). DOI: 10.1007/s10479-020-03921-0

Petti M., Farina L., Francone F., Lucidi S., Macali Amalia, Palagi L., De Santis M. "Moses: A new
approach to integrate interactome topology and functional features for disease gene
prediction”. In: Genes, (volume: 12) (2021), pp. 1 - 16. DOI: 10.3390/genes12111713

Cacciarelli Davide, Boresta Marco "What drives a donor? A machine learning-based approach
for predicting responses of nonprofit direct marketing campaigns". In: Journal Of
Philanthropy And Marketing, (2021). DOI: 10.1002/nvsm.1724

Conference proceedings

Liuzzi G., Lucidi S., Rinaldi F., Pellegrini R., Serani A., Diez M. "Derivative-free line-search
algorithm for multi-fidelity optimization". In: Aiaa Scitech 2021 Forum, (volume: 1) (2021),
pp-1-13.

De Santis A., Giovannelli T., Lucidi S.,, Messedaglia M., Roma M. "A simulation-based
optimization approach for the calibration of a discrete event simulation model of an
emergency department". In:, (2021).

De Santis A., Giovannelli T., Lucidi S., Messedaglia M., Roma M. "Determining the optimal
piecewise constant approximation for the Nonhomogeneous Poisson Process rate of
Emergency Department patient arrivals". In: Arxiv:2101.11138, (2021).

Liuzzi Giampaolo, Lucidi Stefano, Piccialli Veronica, Romito Francesco "Exploiting non-linear
transformations of the variables space in derivative-free global optimization". In:, (2021).



3.5 Systems and Control Engineering

3.5.1 Networked Systems

Research lines:
e Control Applications
¢ Control of Networks
¢ Control under Communication Constraints
¢ Modeling, Filtering and Optimal Control of Communication Networks
e Reinforcement Learning
e  Wireless and Sensor Networks

Members: DELLI PRISCOLI Francesco, DI GIORGIO Alessandro (leader), GIUSEPPI
Alessandro, LIBERATI Francesco and PIETRABISSA Antonio (leader)

PhD students: BALDISSERI Federico, DE SANTIS Emanuele, DONSANTE
Manuel, IMRAN Muhammad, MAIANI Arturo, MENEGATTI Danilo, TANTUCCI
Andrea and WRONA Andrea

The Networked Systems research group, led by Proff. Alessandro Di Giorgio and Antonio
Pietrabissa, aims at developing control methodologies in the context of networked systems.
Besides classical control methods, such as model predictive control, optimal control and
robust control, distributed non-cooperative control methods are being developed on the
ground of mean-field game theory as well as learning methodologies such as reinforcement
learning and deep reinforcement learning. Application areas of interest are communication
networks, energy distribution networks, cyber-physical security in interconnected systems,
bioengineering (e.g., brain connectivity).
The Networked Systems group members cooperate with researchers from national and
international academia and industries. The members of the group are still cooperating with
Alberto Isidori (Hemeritus), founder member of the group. Among other collaborations,
currently the group’s members are working with ETRI (Electronics and
Telecommunications Research Institute), which is the most important research institute in
South Korea, CEA (Commissariat a I'énergie atomique et aux énergies alternatives), which
is the French research organisation in the areas of energy, security, information
technologies and health technologies, the Université libre de Bruxelles (ULB), Belgium, the
University of Coimbra, Portugal, Tunghai University, Taiwan. See the list of the group's
external members and of the group's publications for further information.
Currently, the main research topics of the group are the ones listed below.
Future Internet
The group’s research supports a Future Internet vision, on the ground of the
participation in the large FI-WARE EU-funded project concerning the Future Internet
technology foundation and in projects on 5G communications, to develop a technology-
independent distributed framework including coordinated control algorithms. These
algorithms, based on homogeneous metadata describing the network and user status,
manage the network resources and services to maximize the resource exploitation while
satisfying the user requirements. The adopted methodologies include model-free



learning, multi-agent systems, cross-layer/cross-network optimization, context
awareness, data fusion.

e-Health

The focus of the research activities of the group is related to the design and development
of Intelligent Systems to support medical workers in the diagnosis and treatment
processes. The group has studied several solutions for medical imaging analytics to
provide medical operators with detailed reports of the anomalies and key features
detected inside a decision support system. The group has developed customised
algorithms for Federated Learning, to allow a GDPR-compliant knowledge sharing
solution among networked clinical institutions by enabling the training of distributed
Artificial Intelligence systems. Recent research activities focus also on the design of
predictive and individualised control algorithms for the insulin treatment of patients
using an artificial pancreas.

Smart Energy

The research group tackles several control problems in the smart grid and power
systems domain, including: control of renewable energy sources, active demand and
demand side management in the residential and commercial sectors, algorithms for
smart charging control of plug-in electric vehicles, integration of storage and other
distributed energy resources into the grid. The research group has cooperated with
several italian and european research centers, universities and industries in many
national and european research projects, where it has developed smart grid control
algorithms mostly based on model predictive control and nonlinear control techniques
(e.g., feedback linearization).

Space

Within this topic, the research group aims at developing control methodologies in the
context of space-related applications, such as satellite communication networks along
with their interaction with terrestrial (wired and wireless) ones, satellite networks used
for emergency prevention, satellite launchers, sensor networks for planetary
explorations. The control methodologies are applied in several international research
projects funded by ESA and EU and range from classical feedback control of time-delay
systems for congestion control problems to distribued non-cooperative control for load
balancing and routing problems and deep reinforcement solutions for admission
control problems.

The group members are involved in the activities of the Consortium for the Research in
Automation and Telecommunications (CRAT), whose members are University of Rome
Sapienza, Politecnico di Bari, University of Sannio, Thales Alenia Space Italia and
TopNetwork. The aim of CRAT is to carry out applied research in the context of National
and European projects and to favour the birth of start-ups. The Sapienza start-up Ares2t
was funded by members of the Networked System group on the ground of research in the
field of smart grids and smart charging of electric vehicles.

Recent and on-going projects

o FedMedAl, Elaborazione di dati clinici con metodologie di intelligenza artificiale
per strutture sanitarie federate nel rispetto del GDPR, April 2021-April 2023, Prot.



n. A0375-2020-36491 del
23/10/2020, https://sites.google.com/diag.uniromal.it/fedmedai/home

e VADUS, Virtual Access and Digitalization for Unreachable Sites, October 2020-
October 2022, European Space Agency (ESA), 5G for L’ART programme.

e ARIES, Advanced multi-Rat Integrated multi-sensors solution for Emergency
prevention, detection and response operationS (managed by CRAT), November
2020-November 2021, European Space Agency (ESA), 5G for L’ART programme.

e b5G-ALLSTAR, 5G Agile and fLexible integration of SaTellite And cellular
(managed by CRAT), July 2018-October 2021, H2020-EUK2018.

e 5G-SOLUTIONS, 5G Solutions for European Citizens (managed by CRAT), June
2019-May 2022, EU H2020-ICT-2019.

¢ SESAME, Smart European Space Access thru Modern Exploitation of Data Science
(managed by CRAT), January 2015 - December 2022, EU H2020-SPACE-16-TEC-
2018

Publications

Journal papers

Giuseppi A., Pietrabissa A. "Bellman's principle of optimality and deep reinforcement learning
for time-varying tasks". In:International Journal Of Control, (2021), pp. 1 - 12
DOI: 10.1080/00207179.2021.1913516

Delli Priscoli F., De Santis E., Giuseppi A., Pietrabissa A. "Capacity-constrained Wardrop
equilibria and application to multi-connectivity in 5G networks". In: Journal Of The Franklin
Institute, (volume: 358) (2021), pp. 9364 - 9384. DOI: 10.1016/j.jfranklin.2021.09.025

Valensise Carlo M., Giuseppi Alessandro, Cerullo Giulio, Polli Dario "Deep reinforcement
learning control of white-light continuum generation". In: Optica, (volume: 8) (2021), pp.
239 - 242. DOLI: 10.1364/OPTICA 414634

Antonacci Y., Minati L., Faes L., Pernice R, Nollo G., Toppi J., Pietrabissa A., Astolfi L.
"Estimation of Granger Causality through Artificial Neural Networks: applications to
Physiological Systems and Chaotic Electronic Oscillators". In: Peerj. Computer Science.,
(volume: 7) (2021), pp. 1 - 44. DOI: 10.7717/PEER]-CS.429

Germana Roberto, Liberati Francesco, De Santis Emanuele, Giuseppi Alessandro, Delli Priscoli
Francesco, Di Giorgio Alessandro "Optimal Control of Plug-In Electric Vehicles Charging
for Composition of Frequency Regulation Services". In: Energies, (volume: 14) (2021).
DOI: 10.3390/en14237879

Liberati Francesco, Di Giorgio Alessandro, Koch Giorgio "Optimal Stochastic Control of Energy
Storage System Based on Pontryagin Minimum Principle for Flattening PEV Fast Charging
in a Service Area". In: leee Control Systems Letters, (volume: 6) (2021), pp. 247 - 252.
DOI: 10.1109/LCSYS.2021.3066155

Liberati F., Garone E., Giorgio A. D. "Review of cyber-physical attacks in smart grids: A system-
theoretic perspective". In: Electronics, (volume: 10) (2021).
DOI: 10.3390/electronics10101153

Giuseppi A., Germana R., Fiorini F., Priscoli F. D., Pietrabissa A. "Uav patrolling for wildfire
monitoring by a dynamic voronoi tessellation on satellite data". In: Drones, (volume: 5)
(2021). DOLI: 10.3390/drones5040130
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Giuseppi Alessandro, Pietrabissa Antonio "Wardrop Equilibrium in Discrete-Time Selfish
Routing with Time-Varying Bounded Delays". In: leee Transactions On Automatic Control,
(volume: 66) (2021), pp. 526 - 537. DOI: 10.1109/TAC.2020.2981906

Conference proceedings

Ornatelli Antonio, Tortorelli Andrea, Liberati Francesco "A Distributed Reinforcement
Learning approach for Power Control in Wireless Networks". In: 2021 leee World Ai Iot
Congress (aiiot), (2021), pp. 0275 - 0281. DOI: 10.1109/All0T52608.2021.9454208

Giuseppi Alessandro, Della Torre Lucrezia, Menegatti Danilo, Pietrabissa Antonio "AdaFed:
Performance-based Adaptive Federated Learning". In: Icaai 2021: 2021 The 5th International
Conference On Advances In Artificial Intelligence (icaai), (2021), pp. 38 - 43.
DOI: 10.1145/3505711.3505717

Santopaolo A., Saif S. S., Pietrabissa A., Giuseppi A. "Forest fire risk prediction from satellite
data with convolutional neural networks". In: 2021 29th Mediterranean Conference On
Control And Automation, Med 2021, (2021), pp- 360 - 367.
DOI: 10.1109/MED51440.2021.9480226

Germana' Roberto, De Santis Emanuele, Liberati Francesco, Di Giorgio Alessandro "On the
participation of charging point operators to the frequency regulation service using plug-
in electric vehicles and 5G communications". In:21st International Conference On
Environment And Electrical Engineering (eeeic), (2021).

Liberati Francesco, Germana' Roberto, De Santis Emanuele, Di Giorgio Alessandro "Optimal
Control of an Energy Storage System and Plug-in Electric Vehicles Fast Charging in a Grid-
connected Service Area". In: 2021 29th Mediterranean Conference On Control And Automation
(med), (2021), pp. 202 - 207.

Peprah G. K., Liberati F., Altaf F., Osei-dadzie G., Di Giorgio A., Pietrabissa A. "Optimal load
sharing in reconfigurable battery systems using an improved model predictive control
method". In: 2021 29th Mediterranean Conference On Control And Automation, Med 2021,
(2021), pp. 979 - 984. DOLI: 10.1109/MED51440.2021.9480237

Mastronuzzi Angela, Secco Domitilla Elena, Laus Beatrice, Carai Andrea, Tozzi Alberto,
Premuselli Roberto, Delli Priscoli Francesco, Pietrabissa Antonio, Giuseppi Alessandro,
Menegatti Danilo, Rizzotto Eloisa, Garone Giacomo, Sciancalepore Francesco, Lacorte
Eleonora, Tariciotti Leonardo, Remoli Giulia, Vanacore Nicola, Raucci Umberto
"Cognitive deficits in children with brain tumours: A project to create a software for
cognitive training". In: Journal Of The Neurological Sciences Abstracts From The World Congress
Of Neurology (wcn 2021), (volume: 429) (2021), pp. 161 - 161. DOI: 10.1016/.jns.2021.118451



3.5.2 Nonlinear Systems and Control

Research lines:
e Delay Systems
e Discrete-time and Sampled Data Systems
e Epidemic modeling and control
e Hybrid Systems
e Multi-Agent and Multi Robot Systems
e Optimal Control and Stochastic Systems
e Optimal control for resource management
e Systems analysis and control

Members: BATTILOTTI Stefano (leader), BENVENUTI Luca, CALIFANO Claudia, DI
GIAMBERARDINO Paolo, IACOVIELLO Daniela, MATTIONI Mattia and MONACO
Salvatore

Post Docs: D'ANGELO Massimiliano

Research on nonlinear systems and control at the University of Rome La Sapienza has been
active since the early 70s and, historically, has played a major role worldwide.

The geometric approach to nonlinear feedback design marked the beginning of a new area
of research which, in the subsequent decades, has profoundly influenced the development
of the entire field. The concepts of feedback equivalence and zero dynamics, their properties
and implications are perhaps the most frequently used concepts in nonlinear feedback
design. The natural evolution of the geometric approach from the study of systems evolving
on Lie groups, with numerous applications to the control of spacecrafts and mobile robots,
to robust regulation under state and output measurements feedback of systems possessing
unstable zero dynamics, the use of filtered Lyapunov functions for robust stabilization, the
control of networked systems in presence of limited information, till the control of nonlinear
delayed systems, state estimators and optimal control for noisy systems with non-Gaussian
noise and packet loss, stochastic delay identification. Analysis and design of real control
systems integrating devices and computational procedures in a digital context involves ad-
hoc methods. Nonlinear discrete-time and sampled data systems are the subjects of an
investigation developed at La Sapienza from the early 80s, in a still active cooperation with
the Laboratoire des Signaux et Systémes of the French CNRS. The research activity has been
focused on solving nonlinear control problems in discrete-time and on finding digital
solutions to continuous-time control systems. One of the major outcomes of the
investigation has been the settlement of an original approach, mixed by algebraic and
geometric concepts, used either to prove the existence of solutions in discrete-time or to
compute approximated solutions in the digital context. From the results on feedback
linearization, stabilization, regulation, observer theory, new research lines are in the
direction of hybrid, networked and Hamiltonian dynamics. Particular attention is devoted
to the settlement of executable algorithms for computing the proposed solutions.
Measurements devices, algorithms, data handling and transmission represent critical
aspects in any distributed control problem. The number of devices, their location, the
energy consumption, the data-communication links, the distributed data handling, multi-



consensus, load balancing, and quality evaluation are nowadays classical concepts in this
context. New issues deal with dynamic sensor networks, where mobile platforms are
assimilated to intelligent devices, in which motion planning and control problems pose
additional requirements and make harder the solution of the task. The full problem
formulation as a high dimensional nonlinear dynamic is a challenging interdisciplinary
area of research towards easier and cheaper solutions to problems like surveillance,
monitoring, decentralized and distributed control. Problems under investigation in this
field concern sensor and actuator devices, computation algorithms, local and global
coordinated control, network communication protocols, data acquisition and fusion.

Epidemic modeling, analysis and control is a further research line developed by the group.
The methodologies of mathematical modeling and system analysis are applied to the study
of specific epidemic diseases, like the HIV/AIDS, the measles and, recently, the COVID-19.
The research goes through the introduction of ad hoc models, identified by using real data,
the characterization the Reproduction Number, together with its relation with the most
significant epidemic parameters (contact rates, death rates, time constants of infections, etc),
the definition of suitable optimal intervention policies along the possible control channels
corresponding to vaccination, prevention with informative campaign, medication,
quarantine and isolation (as in the recent COVID 19 emergency). The same kind of
modeling analysis and control is successfully applied to computer viruses and
cybersecurity. Extension of theoretical aspects (singular control) as well as of applications
(dynamics on unemployment) of optimal control are also considered.

The applicative aspects of these research activities are carried out at the Systems and
Control Laboratory, founded in 1995. Members of the Nonlinear Systems and Control
group have been actively serving in the control community in technical committees and as
associate editors for the major journals in the area and conference editorial boards as for
both IEEE CSS, IFAC and EUCA.

The research activities, as testified by the scientific production, are developed in
collaboration with several national and international institutes as the Laboratoire des
Signaux et Systemes (CNRS, Gif sur Yvette), IRCCyN (CNRS, Nantes), Fondazione Santa
Lucia , Cosync Lab (Sapienza University of Rome) and the company BrainTrends, Istituto
di Analisi dei Sistemi e Informatica (IASI- CNR) for the modeling, analysis and control of
epidemiological models, Universidade do Porto, Centro di Sistemi di Elaborazione e Bio-
Informatica (Campus Biomedico), McKelvey School of Engineering (Washington
University of St. Louis). Those collaborations also encourage international research training

and orientation, with PhD double degrees delivering, in the context of an ad hoc binational
program ELISA, which involves Italian and French Institutions.

Publications

Journal papers

Di Giamberardino Paolo, Caldarella Rita, Iacoviello Daniela "A Control Based Mathematical
Model for the Evaluation of Intervention Lines in COVID-19 Epidemic Spread: The Italian
Case Study". In: Symmetry, (volume: 13) (2021), pp. 1 - 21. DOI: 10.3390/sym13050890

Di Giamberardino P., lacoviello D., Papa F., Sinisgalli C. "A data-driven model of the COVID-
19 spread among interconnected populations: epidemiological and mobility aspects
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following the lockdown in Italy". In: Nonlinear Dynamics, (volume: 106) (2021), pp. 1239 -
1266. DOI: 10.1007/s11071-021-06840-2

Battilotti S., Cacace F., D’angelo M. "A stability with optimality analysis of consensus-based
distributed filters for discrete-time linear systems". In: Automatica, (volume: 129) (2021).
DOI: 10.1016/j.automatica.2021.109589

Elobaid M., Monaco S., Normand-cyrot D. "Approximate transverse feedback linearization
under digital control". In: Iece Control Systems Letters, (volume: 6) (2021), pp. 13 - 18.
DOI: 10.1109/LCSYS.2020.3046539

Battilotti Stefano, Cacace Filippo, D'angelo Massimiliano "Distributed infinite-horizon optimal
control of continuous-time linear systems over network". In: International Journal Of Robust
And Nonlinear Control, (volume: 31) (2021), pp. 2082 - 2096. DOI: 10.1002/rnc.5316

Giamberardino P. D., Iacoviello D., Papa F., Sinisgalli C. "Dynamical evolution of COVID-19 in
Italy with an evaluation of the size of the asymptomatic infective population”. In: Ieece
Journal Of Biomedical And Health Informatics, (volume: 25) (2021), pp. 1326 - 1332.
DOI: 10.1109/JBHI.2020.3009038

Di Giamberardino P., Iacoviello D. "Evaluation of the effect of different policies in the
containment of epidemic spreads for the COVID-19 case". In: Biomedical Signal Processing
And Control, (volume: 65) (2021). DOI: 10.1016/j.bspc.2020.102325

Cristofaro A., Mattioni M. "Hybrid consensus for multi-agent systems with time-driven jumps".
In: Nonlinear Analysis, (volume: 43) (2021). DOI: 10.1016/j.nahs.2021.101113

Mattioni Mattia, Monaco Salvatore, Normand-cyrot Dorothée "IDA-PBC for LTI dynamics
under input delays: a reduction approach". In: Ieee Control Systems Letters, (volume: 5)
(2021), pp. 1465 - 1470. DOI: 10.1109/LCSYS.2020.3040076

Benvenuti Luca, De Santis Alberto, Cacchione Paola "Multi-indicator design and assessment of
sustainable diet plans". In: Journal Of Cleaner Production, (volume: 313) (2021).
DOI: 10.1016/j.jclepro.2021.127699

Battilotti Stefano "Performance optimization via sequential processing for nonlinear state
estimation of noisy systems". In: leee Transactions On Automatic Control, (2021). DOIL: DOI
10.1109/TAC.2021.3095461

Rossi Laura, Ferrari Marika, Martone Deborah, Benvenuti Luca, De Santis Alberto "The
Promotions of Sustainable Lunch Meals in School Feeding Programs: The Case of Italy".
In: Nutrients, (volume: 13) (2021). DOI: 10.3390/nu13051571

Cacace Filippo, Mattioni Mattia, Monaco Salvatore, Ricciardi Celsi Lorenzo "Topology-induced
containment for general linear systems on weakly connected digraphs". In: Automatica,
(volume: 131) (2021). DOI: 10.1016/j.automatica.2021.109734

Califano C., Moog C. H. "Accessibility of Nonlinear Time-Delay Systems". In: Nonlinear Time-
delay Systems - A Geometric Approach, (2021), pp. 57 - 74. DOI: 10.1007/978-3-030-72026-1_4

Califano C., Moog C. H. "Applications of Integrability". In: Nonlinear Time-delay Systems - A
Geometric Approach, (2021), pp. 85 - 97. DOI: 10.1007/978-3-030-72026-1_6

Califano C., Moog C. H. "Feedback linearization of nonlinear time-delay systems over a time
window via discontinuous control". In:Ifac-papersonline, (2021), pp. 329 - 334.
DOI: 10.1016/j.ifacol.2021.10.375

Califano C., Moog C. H. "Geometric Tools for Time-Delay Systems". In: Nonlinear Time-delay
Systems - A Geometric Approach, (2021), pp. 15 - 36. DOI: 10.1007/978-3-030-72026-1_2

Califano C., Moog C. H. "Observability". In: Nonlinear Time-delay Systems - A Geometric Approach,
(2021), pp. 75 - 84. DOI: 10.1007/978-3-030-72026-1_5

Califano C., Moog C. H. "Preliminaries". In: Nonlinear Time-delay Systems - A Geometric Approach,
(2021), pp. 1 - 13. DOI: 10.1007/978-3-030-72026-1_1

Califano C., Moog C. H. "The Geometric Framework—Results on Integrability". In: Nonlinear
Time-delay Systems - A Geometric Approach, (2021), pp. 37 - 56.



Califano C., Moog C. H. "Preface". In: Nonlinear Time-delay Systems - A Geometric Approach,
(2021), pp. v - vii. DOI: 10.1007/978-3-030-72026-1

Califano Claudia, Moog Claude H. "Nonlinear Time-Delay Systems: A Geometric Approach".
In:, (2021).

Monaco Salvatore, Califano Claudia, Di Giamberardino Paolo, Mattioni Mattia "Teoria dei
sistemi. Lineari stazionari a dimensione finita". In:, (2021).

Conference proceedings

Di Giamberardino P., Iacoviello D., Papa F., Sinisgalli C. "A multi-group epidemic model to
represent the COVID-19 spread among regions: Analysis of the Italian case". In: 2021 29th
Mediterranean Conference On Control And Automation, Med 2021, (2021), pp. 115 - 120.
DOI: 10.1109/MED51440.2021.9480263

Elobaid Mohamed, Mattioni Mattia, Monaco Salvatore, Normand-cyrot Dorothée "Digital path-
following for a car-like robot". In: Control Conference Africa Cca 2021, (volume: 54) (2021),
pp- 174 - 179. DOLI: 10.1016/j.ifacol.2021.12.030

Mattioni M., Moreschini A., Monaco S., Normand-cyrot D. "On feedback passivation under
sampling”. In:2021 American Control Conference (acc), (2021), pp. 3578 - 3583.
DOI: 10.23919/ACC50511.2021.9483116

Di Giamberardino P., Iacoviello D. "On Local Observer Design for LQR Problems with
Tracking". In: Informatics In Control, Automation And Robotics, (volume: 720) (2021), pp. 35 -
60. DOI: 10.1007/978-3-030-63193-2_3

Di Giamberardino P., Iacoviello D. "Vaccination and time limited immunization for SARS-CoV-
2 infection". In: Proceedings Of The 18th International Conference On Informatics In Control,
Automation And Robotics, Icinco 2021, (2021), pp. 609 - 619. DOI: 10.5220/0010578106090619

3.5.3 Robotics

Research lines:
e Haptic and Locomotion Interfaces
e Humanoid Locomotion
e Medical Robotics
e Mobile Robots
e Motion and Trajectory Planning
e Physical Human-Robot Interaction
e Planning and Control of UAVs
e Robot Learning for Planning and Control
e Robot Modeling and Identification
e Sensor-based Reaction and Planning
e Soft Robotics
e Vision-based Control
e  Whole-Body Control of Humanoids

Members: CRISTOFARO  Andrea, DE LUCA  Alessandro (leader), LANARI
Leonardo, ORIOLO Giuseppe and VENDITTELLI Marilena

Post Docs: BARROS CARLOS Barbara, FERRARI Paolo, FERRO Marco, MODUGNO
Valerio and SCIANCA Nicola



PhD students: BELVEDERE Tommaso, CAPOTONDI Marco, CIPRIANO Michele, PUSTINA
Pietro, SMALDONE Filippo Maria, TARANTOS Spyridon, TURRISI Giulio and VICECONTE
Paolo Maria

The Robotics group at DIAG, and the associated DIAG Robotics Lab, were established in
the late 1980s with a commitment to develop innovative planning and control methods for
industrial and service robots. The main research topics are: nonlinear control of robots;
control of manipulators with flexible elements (elastic joints, flexible links, variable
stiffness actuation); hybrid force/velocity and impedance control of manipulators
interacting with the environment; optimization schemes in kinematically redundant
robots; motion planning for high-dimensional systems; motion planning and control of
wheeled mobile robots and other nonholonomic mechanical systems; control-based motion
planning for mobile manipulators; motion planning and control of locomotion in
humanoid robots; stabilization of underactuated robots; control of locomotion platforms
for VR immersion; sensor-based navigation and exploration in unknown environments;
image-based visual serving; control and visual serving for unmanned aerial vehicles
(UAV); multi-robot coordination and mutual localization; unsupervised continuous
calibration of mobile robots; actuator/sensor fault detection and isolation in robots; safe
control of physical human-robot collaboration; sensory supervision of human-robot
interaction.

Most of our research activities undergo experimental validation in the DIAG Robotics Lab.
The current equipment consist of three articulated manipulators (a 6R Universal Robots
URI10, a 7R lightweight KUKA LBR4+ with FastResearchInterface, and a 6R KUKA KR5
industrial robot), two haptic interfaces with 3D force feedback (Geomagic Touch), an
underactuated system (Pendubot by Quanser), and several mobile robots, including
wheeled (a MagellanPro by iRobot, a team of five Khepera III by K-Team), legged (3 NAO
humanoid robots by Aldebaran), and flying (a Hummingbird and a Pelican quadrotor
UAVs by AscTec) platforms. These robots are equipped with sensing devices of various
complexity, going from ultrasonic/laser range finders to cameras, and stereo vision
systems. We have multiple RGB-D sensors, two 6D F/T sensors (Mini45 by ATI), and two
HMDs (Oculus Rift). We also have a sensorized platform (Cyberith Virtualizer) for
locomotion and VR immersion. In the past, we have designed and built a two-link flexible
manipulator (FlexArm) and a differentially-driven wheeled mobile robot (SuperMARIO).
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