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Distributed Data Intelligence and Technologies Lab
Distributed Systems and Internet Technologies Lab

Paolo Nesi

Department of Information Engineering

University of Florence
Via S. Marta 3, 50139, Firenze, ltaly
tel: +39-055-2758515,  fax: +39-055-2758570
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Visit the Smart City Platform of DISIT Lab: Snap4City https://www.snap4city.org solution which is 100% open source, support cloud and scalability for processing and I0T/IOE, respect
user needs and privacy according GDPR and to the different user kinds, provide tools and community for co-creation; mixt data driven, stream and batch processing; it is fully based
on microservices and using easily replaceable tools. Snap4City solution has been designed to be Click to access Snap4City tools main entry Click the image to access Snap4City
scalable, flexible, safe and respectful of privacy, endowed of a powerful semantic reasoner based on Km4City multi-domain semantic model and tools (https://www.km4dcity.org ). A

special attention is provided to enable the development of applications in multiple domains and not only on mobility and transport, tourism, health, welfare, social, etc.

WORK with US: at DISIT lab UNIFI from January 2023

next call on 2023

The DISIT Lab, since 1994, is one of the most active ICT/Al labs of the University of Florence, metropolitan Tuscany area, and it is an official Regional Lab in Tuscany, Certified Experts
of FIWARE, member of GAIA-X, EDIH Tuscan X, UNINFO ISO, CINI big data, CINI smart if}TdadTBEds rRBOAP ational, etc.
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DISIT Lab at a glance, since 1994 .= Al @ — 10T

University of Florence — Department of Information Engineering (DINFO). B ' | CIMC.““" % il -
ICT/Al lab with a long R&D track record. = T g " @ Ené'neerme

 One the mostrelevant labs of UNIFI
« Official Regional Lab of Tuscany Region
« Member of:
* International Advisory Boards: BBC, UNDP
* international: GAIA-X, FIWARE, MDS
» National ecosystems: EDIH Tuscany X.0, CINI, CNIT
* National centers: CN MOST, FAIR
» Regional centers: CBDAI (Tuscany), IFAB (EmiliaRomagna)
« PhD courses: national PhD-Al, PhD of DINFO Publications:
* International Associations: Al*IA, IEEE, ACM https://www.disit.org/5487

Around 20 researchers working on: Agentic Al, Al, big data in the domains of:

e smart cities, industry, retail, mobility & transport, environment, waste, energy,
health, justice and quality of life.

Dedicated Data center with several clusters: HPC CPU/GPU and MLOps

Research + platform engineering + real-world deployment - — 3


https://www.disit.org/node/5487
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AND TECHNOLOGIES LAB o ey,
Deep Learning Al to surely Park!
Core research areas = T

'

A research stack for trustworthy, explainable and operational Al, Digital Twins.

» Artificial Intelligence and Machine Learning: DL, GNN,
RL, GCN, CNN, federated and scalable models.

« Explainable and Neuro-Symbolic Al: XAl, PINN, hybrid
symbolic/data-driven reasoning.

« Generative Al, LLMs, Agentic Al, RAG systems for
assistants, QA over Knowledge Graphs and RAG,
dashboards and IoT/WoT applications.

« Big Data, Data Spaces and distributed architectures: E
cloud/edge and high-performance ingestion and data
processing, active-active solutions, microservices, MCP.

. Knowledge Engineering: ontologies, RDF/KG, semantic ~ |i — =%t
indexing, reasoning, disambiguation and interoperability.

© SnapACity, September 2026, DISIT lab Al for prediction, explanation, optimization and scenario generation


http://www.youtube.com/watch?v=wHL8xjwh8Jc
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Decision Support Systems

Live Data Actionable
. Directives
p ' t-lf/
KPIs > Optimization
/: Eng
Tactical
Risk Parameters Plans
What-If Analysis: Scenario-Based Optimization:
Grounded on robust predictive algorithms and simulations. Test traffic light plan optimizations digitally. Evaluate major

traffic infrastructure changes. Assess tactical risks and
generate prescriptions before spending public funds.

S » 7
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Applicative domains, operation & plan

Pedictions, Early warning, Optimization

* Smart Cities Control & Applications

* Mobility and Transport Management

* Industrial applications

* Tourism services management

* User Behaviour: city, retail

* Al Assisstants: developers, legal,
decision makers, commercials

* Environment: air quality, waste

* Energy Management

3D MAP GLOBAL DIGITAL TWIN -NEWGUI
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© Snap4City, September 2026, DISIT lab
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DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND o

FIRENZE  NotGyera INTERNET TECHNOLOGIES LAB - e : —
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www.snap&city.org

Infrastructures

Snap4City: a unique platform for multiple domains

The power of Artificial Intelligence at the service of your
Operation and Plan Decision Support Systems

Snap4City: Digital Twin Solutions to Setup Sustainable Decision Registration
Support Systems and Business Intelligence P

« Request s new password

e Spin-off companies:

« Recover your reglstration

« Snap4 srl SmartCyprus
* DAI Srl .......... 3 Elenco lampade © Visuskzzazione dati = Lo gevent WGt B mp
* Platforms/Solutions:
« Snap4City.org
« SnapAdvisor Agentic Al s
« Smart Cyprus + Mobile Apps
* Merano’s Smart Light SRR
« Cuneo’s Smart Assets —
« Mobility4dFuture, CN MOST
« Snap4ISPRA, EC ISPRA
* Etc.
Snap4ispra

© Snap4City, September 2026, DISIT lab 10
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Snap4City / Snap4industry backbone

An open-source platform ecosystem for data-driven Smart City, Smart Region and Smart Industry solutions.

Ispra Site, Buildings And Services

Microservices architecture for I0T/IOE, stream + batch
processing and scalable cloud deployment.

Semantic layer based on Km4City for multi-domain
reasoning and interoperability.

Al, Agentic Al, MLOps: development environment and
Al solutions

Dashboards, control rooms, 2D/3D Digital Twins and
no/low-code tools for operational users.

=
].:Ei https://www.snap4city.org
L o

Designed for secure, privacy-respecting applications
and GDPR-aware deployments, Al-Act, etc.

Knowledge Model for the City

© Snap4City, September 2026, DISIT lab
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Researchers and contractors: 22
Spin-offs: 2, that are: Snap4 srl, DAI sr]
Current Active Projects: 20
Workstations: 30

Dedicated data center with

— >700 VMs, >30 hosts in clusters: DRS, HA, FT

e >700 TByte storage in raid 50/60
* >800 CPU cores, >8 TByte RAM

— >140.000 GPU cores for a number of H100 NVL, RTX4090, etc.

DISIT lab, BigDataArc 2026-27
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Magistrale in Informatica, Magistrale in Artificial Intelligence

— Big Data Architectures — Prof. Paolo Nesi (Big Data, Data Analytics, Architecture, Cloud, 10T)

— Knowledge Engineering — Prof. Pierfrancesco Bellini (Knowledge Engineering, Natural Language
Processing)

— NeuroSymbolic Artificial Intelligence at Scale — Proff- Nesi and Fanfani

— CyberSecurity and Data Privacy — Proff. Nesi and Bellini (Web security, privacy, GDPR, tracking)

— Natural Language Processing, Prof. G. Pantaleo

Dottorati:

— PhD-AI, dottorato nazionale in Intelligenza Artificiale: P. Nesi

— PhD del DINFO, dottorato in Ingegneria Informatica: P. Nesi, P. Bellini
Altri corsi:
— Masterin Big Data-MABIDA: architetture, Big Data, Knowledge engineering, Natural Language Processing, cloud, etc.
— Master IOT Industria 4.0 di Pisa — Prof. P. Nesi
— Data Intelligence— Corso di Intelligence e Sicurezza Nazionale — Prof. Paolo Nesi
— Altri master.....
Triennale

— Sistemi Distribuiti — Prof. Paolo Nesi

— Sistemi Operativi— Prof. Pierfrancesco Bellini

— Fondamentidi Informatica — Prof. Gianni Pantaleo, gtefang Biotia e o7
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http://www.disit.org

* Research group since 1994
* Cloud and data center with >700 TByte storage in raid 50/60,
— >800 CPU cores, >140.000 GPU cores, >8 Tbyte RAM
— 2xH100 NVL, 4xRTX4090, 3xRTX3090, 2xGV100, 4rtx4500, etc.

— Managing several infrastructures

 DISIT lab/Snap4City.org : development and testing reference for:
— CN MOST
— CN HPC, big data quantum computing
— ISPRA JRC of EC
— FIWARE Certificates and Experts
— GAIA-X, EOSC, Node-RED library, Mobility Data Space, etc.
— Nodo CINI per: Big data, Smart City, Security
— Smart Cyrus, Merano, Cuneo, etc.
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Smart Cyprus: Parking, participation, Light, Waste, etc.
ISPRA JRC contract, EC: DSS, SOC, control room, energy, https://www.snap4city.org/970
Merano Smart Light, contract https://www.snap4city.org/1023
Cuneo Asset management, contract https://www.snap4city.org/975
TOURISMO, Interreg, EC: Tourism, NLP, DSS, https://www.snap4city.org/1001
ELLIE, Horizon Europe, EC: Al, VR, https://www.snap4city.org/1056
AMMIRARE, Interreg, EC: Al, environment, Big Data, https://www.snap4city.org/1002
RegdlA, LLM, DLAI for regional public administration, A project of presidency of national council
Energia, RT, contract: Federated Learning, Al, PINN, DSS, on manufacturing

SADI-MIAC, RT, partner: Al predictions, Tourism, Retail, Computer Vision, https://www.snap4city.org/1055

CN MOST, PNRR: sustainable mobility, Al, platform, https://www.snap4city.org/1050
MUSEOACt, Deep Learning Al for condition deformation predictions wrt environmental aspects
Reverberi contract, Smart Parking monitoring

LIBROCO, Al for predicting events effects on commerce, LLM

RFI contract: mobility, Al, DSS

++ other contracts covered by NDA

Closed in 2025-early 2026

BullVIT, RT, conv: Agentic Al, NLP, LLM on commercial phases

UrbanDT4TF, CN HPC: Digital Twin mobility, https://www.snap4city.org/1

DI-DTPlatform, CN HPC: Digital Twin, mobility, environment, https://www.snap4city.org/1097
Sasuam, CN MOST, PNRR: Al, mobility, https://www.snap4city.org/999

OPTIFaaS, CN MOST, PNRR: Al, mobility, DSS, https://www.snap4city.org/1008
LeverageOPTIFaaS, CN MOST: PNRR, mobility, https://www.snap4city.org/1064

CAI4DSA, FAIR PE1, PNRR: Al, Neuro-Symbolic, PINN, NG-DSS, https://www.snap4city.org/1016
SMART3R, PRIN UNICagliari: mobility, DSS, https://www.snap4city.org/1087

Tuscany X.0, EDIH, TestBeforelnvest, Training on Al, Big Data, Security, HPC: https://www.tuscanyx.eu/
The IE, PNRR: Al, NLP, LLM, Legal Aspects, SnapAdivisor, RAG LLM

Salerno Port: Al for container ID recognition and tracking

Talent Hub, ECRF, conv: NLP, match demand vs offer .
DISIT lab, BigDataArc 2026-27
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https://www.snap4city.org/970
https://www.snap4city.org/1023
https://www.snap4city.org/975
https://www.snap4city.org/drupal/node/1001
https://www.snap4city.org/drupal/node/1056
https://www.snap4city.org/drupal/node/1002
https://www.snap4city.org/drupal/node/1055
https://www.snap4city.org/drupal/node/1050
https://www.snap4city.org/1057
https://www.snap4city.org/1097
https://www.snap4city.org/999
https://www.snap4city.org/1008
https://www.snap4city.org/drupal/node/1064
https://www.snap4city.org/drupal/node/1016
https://www.snap4city.org/drupal/node/1087
https://www.tuscanyx.eu/

¢“SNAP/cry

booklets

* Smart City * Industry

https://www.snap4city.org  https://www.snap4city.org/d https://www.snhap4city.o
/download/video/DPL SN ownload/video/DPL SNAPA4| re/download/video/DPL
APACITY.pdf NDUSTRY.pdf SNAP4SOLU.pdf

DISIT lab, BigDataArc 2026-27 17
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OPTIFaa$S

VIOST

CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

CvsNAPdcry

www.snhap4city.org

Urban Challenges & OPTIFaaS Objectives
From data to action : Tailored Mobility

The Core Services

Snap4City / OPTIFaaS delivers mobility solutions for operational management and strategic-tactical planning
through an integrated Digital Twin and various Al models, enabling what-ifanalysis, simulation,and optimization

Objectives

Accessibility Cost Decarbonization
Scalable, flexible, customiz&eﬂﬂﬁlﬂp

§Hﬂm5ﬁ§larious urban contexts from small communities to large metropolises

Decongestion

OPTIFaa$s

<+ |dall'Unione europea
: NextGenerationEU i

(77

Finanziato |

ell’'Universita | Italiadomani

della Ricerca
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CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

OPTIFaas

Ecosistema a supporto di una rapida ed efficace condivisione di soluzioni ed
opportunita tra ricercatori ed aziende appartenenti al MOST e Pubbliche
Amministrazioni Locali ed Operatori di Trasporto.

Meccanismo del tipo marketplace:

» Ricercatori ed Aziende del MOST hanno un ambiente in cui proporre e

sperimentare proposte e soluzioni;

» PAL ed OdT utilizzano sempre soluzioni allo stato dell’arte per la risoluzione

di problematiche ed il perseguimento della loro mission.

Il tutto e configurato con modalita as a service allo scopo di minimizzare
investimentiin infrastrutture e personale da parte di PAL e OdT
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CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

L'ottimizzazione generativa permette di:

v Decongestionare le strade: ottimizzando i tempi dei semafori, i flussi di traffico
e le vie di transito per ridurre i puntidi congestione critica.

v Migliorare l'accessibilita: Promuovendo la connettivita tra le aree urbane,
migliorando [l'accessibilita per pedoni, ciclisti e veicoli attraverso un
miglioramento della pianificazione urbana.

v' Aumentare la sicurezza: Implementando strategie per migliorare la sicurezza
stradale, ad esempio attraverso la riduzione dei punti di conflitto e
I'ottimizzazione dei flussi di traffico.
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Operation

OPTIFaa$S
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Home

Traffic
Monitoring

Smart Parking »
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15 minuti

3 >
index

Urban -
Security

Road Monitoring

Media congestioniC Nr. congestioniC Picco congestioniC Riduzione Co2 ZTLC Emissioni medie CO2 C Emissioni totali CO2 C
Via Napoli -
it 28.4 17 18:27 -5.2 282 846
% = - % ppm ppm
Traffico in ingresso
Range Personalizzato <Prec. Confrontacon: Glorno Prec. - :I'a.l. veicoli c Velocith media C
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i . GRS — e 12105 27
= o — 29/05/2025 km/h
08:00 10:00 12:00 14:00 16:00 18:00 Veicoli
Traffico in uscita
Range Personalizzato <Prec.  Succ. > Confrontacon: Giomo Prec. ¥ Tot. veicoli . "
o it C Veicoli totali C
Viale ohn Fitzgers 11703 7825
Veicoli i
08:00 10:00 12:00 14:00 16:00 18:00
Pannello Rischi Meteo Viabilita Trasporto Pubblico Attesa Media Fermate Sensori
mnivo | BASso | mepio ALTO i
INCIDENTI 3 Tempo medio di attesa & Linea 50 12 sec & 15
Linea 11 10 sec Semafori
Rischi'o P Rischio ) MINIMO Chiusura Traffico 2 5. 9 sec
idraulico irogepiogico Chiusura Lavori 0 Linea 33 6 sec $ 22
ischi ischi Limitazioni Traffico 4 - i
Ry o e o nea02/ 5 sec Vidioesiee
Limitazioni Lavori o Ritardo autobus (&) : —
Linea E 5 sec ES
Rischio Rischio s
ot MINIMO MINIMO o . Sensori
Ghiaccio Vento SEGNALAZIONI 7 0 o Linea 19 4 sec
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FIRENZE

| e C" SNAPiciry |:
/ ? Collaboratnve Explainable neuro-symbolic
Al for Decision Support Assistant

FUTURE Al RESEARCH

* New Algorithms or Models: Development of novel Al algorithms
or models that can enhance decision-making processes.

 NGDSS Theories: Contribution to the theoretical understanding of
how Al can be effectively integrated into decision support systems.

» Early Prototype of the NGDSS, providing a proof of concept for
how Al can enhance decision-making in a number of target
domains

DISIT lab, BigDataArc 2026-27
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DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

1 City

L
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Ameri
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DISIT lab, BigDataArc 2026-27

C“ SNAPicrry &
Digital Model with...

Intuitive platform

Any Data TYPE, any data source, any protocol
Data storage seamless

Data analytics = artificial intelligence, Al/XAl
Data Ethics, Al Ethics, GDPR

Interactive Data Representation, any kind

Key Performance Indicators, any kind

What-IF analysis— Simulation, prediction, 2D/3D
Micro, Meso e macro scales

Operation, planningtactic and strategic / optimization
Collaborative and shared representation

Sustainable, shared, open source 100%

Complex and heterogeneous information, interoperability

GIS, ITS, AVM, loT, BIM, CKAN, etc.
Satellite services
Maas, last-mile delivery HUBS

etc.
29



@ SnapdCityDocker x @ Dashboard Management Syster X + v = a X

& (& A Nons o | dashboard L tCit 3 5 i = ==# & Y W 3 i,
¥ SnapdCity @ dashlocal

Ciao

FLORENCE SCDT

Fri 13 Oct 18:29:18

DOUBLE MAP

»
-N
=3

9

o=
&P

Pt = ‘ - : f-: | : ¢ =\ - , r , “_" \‘

¢ 4 " o ” _“,‘ t/ ’,. 'y , .
Ll " ’\) = — ‘ _— \11" i ‘

https://www.youtube.com/watch?v=le2XNF8Ftxo

L


https://www.youtube.com/watch?v=le2XNF8Ftxo

ad SNAP4CITV

Snap4Altair Decision Support
s ALTAIR
supervision and control, Industry 4.0 -

* Multiple Domain Data
e Distributed Control System: energy, flows, storage,

chemical data, settings, ..
e Cost of energy, Orders, - ==
* Production Parameters e ———
* Maintenance data ——— :
* Multiple Levels & Decision Makers = = . -
* Optimized planning on chemical model |~ >L L -
e Business Intelligence on Maintenance data _ -
* Historical and Real Time data
* Billions of Data === & &
* Services Exploited on: [ ® e T
* Multiple Levels, “ 5 -
Mobile Apps, API = —
- Since 2020 e

DISIT lab, BigDataArc 2026-27
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Sustainable and
responsible Tourism
Management

Key aspect: Carrying Capacity

consider European Tourism
Indicators ETIS

Respectful of the ICZM
recommendations

Cultural heritage

Special interest on
UNESCO World Heritage
Sites

Evaluation of

impact

Big &
Open data
At service of Planners,
visitors, local

stakeholders and
dwellers

DISIT lab, BigDataArc 2026-27

iterreg E
/Vlediterranean e
¢) HERIT-DATA

. i Fondazione per Lo ricarca
I & Uinnovazione

Sustainable Heritage Management
towards Mass Tourism Impact thanks to a
holistic use of Big and Open Data

/ AH\"L
y }_ N

interreg H
/Vediterranean e
{) HERIT-DATA

—“"y\

M e cooperation area . IPA cooperation area I EU regions newly joined the MED area
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PEN Test
Passed

¢V SNAP/arry

L3 -...&,

MPAEU GDPR
\/ COMPLIANT

https.//www.Snap4City.org .3,

* 11 running installations in Europe

* Snap4city.org, Greece, Merano, Cuneo, ...

* Toscana, Pisa, Sweden, ISPRA, Snap4.eu,
* Altair, Italmatic, M4F, Romania, ....

e 20 projects, 12 pilots on 10 Countries
e >40 cities/area

* Widest MULTI-tenant deploy has

e 26 Organizations / tenant

* > 8850 users on

e >1800Dashboards

> 17 mobile Apps

e > 2.2 Million of structured data per day
* >580 |oT Applications/node-RED

e > 850 web pages with training

> 85 videos, training videos

5/25 @@

DISIT lab, BigDataArc 2026-27

«‘Pé?m.

B‘M

Main Organizations/areas
* Antwerp area (Be)

e Bari(l

* Bisevo, Croatia

* Bologna(l)

* Brasov (Ro), by ICEBERG r)
* Capelon (Sweden: Vasteras, Eskilstuna, Karlstad)
B

+ Cuneo (I "
e DISIT demo (multiple)
¢ Dubrovnik, Croatia

e Firenze area (I

* Garda Lake area (1)

* Greece (Gr)

* Helsinki area (Fin)

* Limassol (Cy)

e Livorno area (I

* Lonatodel Garda (l)

* Malta (Malta)

*  Merano (l)

*  Modena (l)

S
5

* Mostar, Bosnia-Herzegovina
* Oslo & Padova (Impetus)

e Pisaarea (I

e Pistoia (I

* Pont du Gard, Occitanie (Fr)
e Prato(l

* Rhodes (Gr)

e Roma (I

¢ Santiago de Compostela (S)
* Sardegna Region (1)

e Siena(l

* SmartBed (multiple)

* Toscana Region (I), SM

* Valencia (S)

* Varna (Bulgaria)

¢ \Venezia area (I

*  WestGreece area (Gr)

* +lsrael, Colombia, Brasile, Australia, India, China, etc. o


https://www.snap4city.org/
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FIRENZE

DINFO

DIPARTIMENTO DI
INGEGMNERIA
DELLINFORMAZIONE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

http://www.disit.org

* Laboratorio DISIT

* Tematiche del corso
 Struttura del corso

* Modalita dell’'esame

DISIT lab, BigDataArc 2026-27
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Open
- |2 A cosaserve un Digital Twin?

in grande,
inizia da qui

Tecnologie rivoluzionano la gestione urbana.

Gestione Operativa
« Osserva e verifica lo stato dei servizi
« Anticipai problemi prima che si verifichino
« Ragiona: simulazione e identifica soluzioni a breve termine
« Propone soluzioni in tempo reale, I'operatore decide

Pianificazione tattico/strategica:
« progettare citta piu intelligenti e sostenibili.
» Soluzioni tradizionali sono le «what-if»: cosa accadrebbe se ....7
« simulare e ottimizzare per I'efficienza urbana.
» sistemi a grande scala (Big), molte variabili e miliardi di milioni di
configurazioni diverse!

propone soluzioni al decisore
« - Decision Support Systems

@, ‘ _
Sl | UNIVERSITA
2\ ArsiE | DEGLISTUDI

5 | FIRENZE

Da un secolo, oltre,

% sy DINFO - DISIT Z
b DEGLI STUDI
DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND .
ML FIRENZE BRidione  RERDHEI e SNAP4CITY DISIT lab, BigDataArc 2026-27
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UNIVERSITA D hl o D *

DEGLI STUDI DlPARITlMENEDl D|STF!BUSTE! STSTEMS AND ; \ﬂmﬂﬁm}
INGEGNERIA INTERNET TECHNOLOGIES LAB CITy S

FIRENZE 05 iazone  DSTREUTED BATAIR T IGENGE pup

AND TECHNOLOGIES LAB GV

v

Ul

&

ital Twin Development Platform

-

e L] e
Digital Twins
’—--- N I N DD D D D D D D D B . ------~

Snap4City Microservice Platform

N Things Edge - R/ A 4 MicroService Based, Proc.Logic
4
3

CoCoEs Server-Side Business Logics, SSBL

r } g ¢ . ‘ GW .
T Sensors and YN
2% Actuators Data
A <> Data Knowledge o
A4 5 . ou Analytics:
~ Ingestion Bases & -
b HUB Storages MLOPps,
& . External g ML, Al

Services

Web/Mobile Apps
Dashboards & Interfaces

—

\--------------------

/
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UNIVERSITA A\IC R g
preti ! | R | C(' SNAPiciry
e Controlling Status: management, and /—\
operational AN Monitoring
o Monitoring via KPI A P A
o Predictions vs KPI : C] t\ )/ KPI
o Anomaly deteFtlon | A \’ Digital Twin j
o Neuro-Symbolic analysis Models & TN Predictions,
o Risk assessment Data Anomaly Detection,
o Early warning on critical conditions Decision / Analysis, Assessment
o Fast What-if analysis Support System Warning
e Making plan: tactic and strategic, '\ Simulations,
medium and long range, micro/macro Scenariciisj TFR, Crossroad,
o Simulation & optimization Public Transport,
o Generative Al Prescriptions, scenarios K (J e
o Resilience to Unexpected unknows What-If Analysis,
o What-if analysis wrt scenarios Optimization <
o Collaboration with stakeholders

2024/8 DISIT lab, BigDataArc 2026-27



UNIVERSITA
prcuistupt | DINFOQ | DISIT
FIRENZE | D8tNkmazione | TECHNOLOGIES LAB

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS

Monitoring o~
KPI S )
\, Digital Twin j AT, PRI EREERG
Models & Predictions,
Data Anomaly Detection, AN o I

. Analysis, Assessment
Decision Warnin

Support System &

'L Simulations,

Scenarious TFR, Crossroad,
— :
Public Transport,

| Routing, ..

What-If Ana |ySiS, Traffic Infrastructure optimization
Optimization < RS ST

\
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DISIT

DISTRIBUTED SYSTEMS AND
INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

Agile Development Life Cycle by sprint
Smart Solutions

Sprint Sprint Sprint

DISIT lab, BigDataArc 2026-27

N £ )
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(S
LT

P

PISI e ja[crr |

e ¢YSNAP/crry 2
Development Life Cycle
Smart Solutions

Data Discovery
Data Modeling

]
‘ Data Analytic

Userinterface +
Business Logic

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

p 1t

loT App,
Proc.Logic

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards

@ Deploy

@ Deploy
@ Deploy
@ Deploy

¥

JA

?
A

Validation

P
N o

DISIT lab, BigDataArc 2026-27
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DISIT

DISTRIBUTED SYSTEMS
AND INT
TECHNOLOGIES LAB

Snap4City Tools

o

Entity Directory
loT Directory

Development

Jﬁrl {,,
LJ_FT AA} 1

HLT & Data
Management

/ Data Discoygry

Tablesand
Documents
Development Life
Cycle Manual

» Production

Data Management
HLT-Data Inspector

Knowledge and
Map, ServiceMap

Proc.Logic/loT App

Development
Tools + loT App

,‘ﬁ'-m Vf"‘

¢“SNAP/ciry @

Scenario
Editor

/| Proces§ing €< \_
‘ . ' N, est Deploy
Logic /lo%-Apg \ _ AN
,» Data Analytic = Test™ Deploy \ Al Dev: Python, RStudio,....
- Z
£ @— Test { Deploy } Programming Environments

Userlinterface : Tes Deplo
\>_Dashboards .»"’\V' Py

Dashboards

@ L

Management

Extra Dashboard
Widgets

DISIT lab, BigDataArc 2026-27
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DISIT

Eﬁa‘l}?lBLﬂED SYSTEMS
TECHNOLOGIES LAB

http://www.disit.org

SV of Big Data

Variety

Velocity Variability

DISIT lab, BigDataArc 2026-27

44



UNIVERSITA D O
DEGLI STUDI DIPJAEH!I%ED: Eﬁgﬁﬁl};{_g;ﬁnﬂg\%ﬁms » ' :
FIRENZE DELLINFORMAZIONE | TEGHNOLOGIES LAB — r I

http://www.disit.org

T
W

- 4(/70 MOt .

-

ﬁiéE;Ei;;i .|
4‘;“"(1111!9‘ o MEAL T CARE

N
NOUsTRIN loT loT VAR
LONG RANGE WIF}
DEVICES DEVICES

2\ el

SECURITY

ﬁ\
=)
4,

o, - 2
RasTruc™SY

-

1oT
SMARTPHONE +
DEVICES

N\

ﬂ(ﬁ’/ PHERN

SAFETY



UNIVERSITA
DEGLI STUDI

FIRENZE

DISI . “
g |ndustria 4.0 vs DISIT Lab

http://www.disit.org

INFO

DIPARTIMENTO DI
INGEGMNERIA
DELLINFORMAZIONE

Autonomous

Big Data Robos
Cloud Computing .- T
Cybersecurity . IEIE ’ = Simuistion
IOT/IOE 8 .

System Integration vgmented ¢ Syten

Simulation

+ Additive Internet of
Manufacturing Things

Data Analytics

P. Nesi e referente per UNIFlIin ~  \ 51~/ \
RegioneToscana per Cloud e Big Data sy

Computing

DISIT lab, BigDataArc 2026-27 46
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s | DINFO | DISE e
EGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS “ n:c" - .
IRENZE | D&t i mazione | TECHNOLOGIES LAB —— i
.- - —y - — 21 v, r}h_":n:‘/r/lwv_\ M.d‘ifit.orgr J - n = J = dba
1910111 SUPPOTtale Ual dall
- » J » ; =
()= ( rJ ( = (= (“ I&r ) YAl 0 G Doy e R i)
JJJFJJJ_JI_|JiJ_ Jf| Jj_f_“,_/J_J__J‘:._J- T _—g
° e o . . S L. I P |
* Condivisione e Integrazione Dati i

multidominio: semantica e bigdata
* Dati = Smart City Engine = Control Room

e analisi: monitoraggio, flussi e comportamenti,
sondaggi, mining, correlazioni, cause — effetti,

etc.

— Per il miglioramento di servizi
correnti

— Per reagire ad eventi,
incremento della resilienza,

— Per la creazione
servizi innovativi

DISIT lab, BigDataArc 2026-27
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Data Pipelines on
AWS, AzZure and GCP

IL_ Azure :3

Google Cloud

Y
a-<> o
laT Hulb

& P

Lambda Kinesis Straans J
AWS 18T Function Firehouse

_—— e ——

Cloud
laT

Bzure

Function PubSubk Cloud Function

Ingestion
[ngestion
Ingestion

Data Lake
Data Lake

Arzure Data

Glacier Lake Store Cloud Storage

-

Gilue ETL -In
—
S—

Kinesis
Analytics

-

]

1

]

]

llu

: B
=

1 5

]

L}

]

1

1

]

©

DataPrep DataFlow

>

DataProc

Data Explorer

|

Strean

Databricks ! Analytics

Azure ML

Preparation & Computation
Preparation & Computation
Preparation & Computation

Data Azure SOL
Catalog

RedShift

PubSuk Memory cloudsaL

Data Warehouse
Data Warehouse
Data Warehouse

v—e
Kimesis
Streams

DynamoDE

Aziere ML
Power Bl Dasigner)

Srudio
<>

(EDAa) Furctiomn
Azure

Function

Presentation
Presentation
Presentation

Piyush Ranjan
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Transatio
ns sys,
Sensors
Social
media,
ws, etc.

DISIT
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http://www.disit.org

HDFS, noSQL

ETL, NIFI

ab, Bl

Elastic
search

gData

rc

Facet,

cluster
User

interface,
Dashboard
Drill down




Technical Architecture

/[ APl Manager
[ Federation

Smart City API

Any API

Entity Directory:
Smart Data Models
loT Data Models

)

Digital Twins <y OpenSearch ey
GOO — | Entity Inspector |
———— | Entity Inspector
o G [ Data Manlager ]
@@ 2 AMPP &> GeoServer | HLT Manager |
Brokers 32 BIMcrcrene | ServiceMap |

%

Simulators: SUMO,
MODOM, TFR, Flood.. ..

ot

r— @_python €dstudio
Artificial Intelligence tools: ] —

Node-RED
Social Media
OSM, BIM, GIS, ITS <=

Gateways, satellite ' loT App
ProclLog.

External Services g

|

Y SNAP/ciry

/" Facilities \(Applications\

Dashboard/View ||  Permissions

H |
Builder & Mng. ) (™ Traffic Optimiz.

.

/ \\

L gence CSBL )

Business Intelli- !
| Traffic Light Plan
1

Custom Themes

) | Public Transport

( , —L Parking Mng.
‘ Synoptics & Widgets 4 [ g g,

Fines Mng.

| 2/3D DigitaITwirl1l ][

[ Participation Mng.
1

Tools

Lighting Mng.

[ Routing, MulDyn ][
[

| Heatmap Gen. Building Mng.l

[ Prediction Gen.

Environment Mng.

Waste Mng.
1

[ Measure & Compare

[ Notification Mng.

Sharing/pool Mng.
|

)

) |
) |
) |
) |

| KPISupport Energy lVIng.I

[ Scenario, What-llfl ] | Tourism Mng.l

T ] [ Mobile Appsl.

Web Scraping A pred., classif., optim., LLM, ....
TV CAM streams On Edg loT Ap,p Ll
On Cloud ProcLogic TR [ SnapAdvisor C?I-Pilot/Generative A!
[ A&A, RBAC, SSO, Blockchain, Resource Managers and Sharing ] [ Sharing / Market Place
Third parties solutions
8/25 ...d < T ~




Visual Development Tools _ _CYSNAPdcy

My Dashboards in My Organization

boooososooesessaEme

Tue 19 Sep 19:27:45

Q)

29,146,065

.

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
Wed 14 Feb 22:40:02 s _NE_WGUI
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o
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o
o
n
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ECI"\LJIE gggg} QF!FM\IEDIO EQH!BUSTE! STSTEMS AND C ,SNAD4 | egen da ; m
IRENZE  NEGNeRA INTERNET TECHNOLOGIES LAB = ik CITy
DELL INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE seEoly

AND TECHNOLOGIES LAB

_§ Presentation Dashboards Business Intelligence Visual Analytics Smart Applications Web & Mobile Apps
- 2 . . . X
% .;‘.:: Dashboard Themes Dashboard Wizard m What-if Synoptics g
S Dashboard Mng. Dashboard Builder Widget Library Synoptics 3D Digital Twin CSBL F,'
-a T S s SnapACity Node-RED Libraries | ASCAPI § APIMng | Agentic Tools 8 kafka Q) websocket 03
"?‘2 . spEnLDAP
< Operations - B = — - - -
% G‘Dam Operational Tools | o< Il Artificial Intelligence, DA Tools MLOps, Dev. tools Visual Analytic processes =
) servercenter U
A -
F # b | @stos ~ME
= n
2 Qrapnmmw Ol
&0 \{';-GeoServer .. g’
) S v
2 2 s ®
o S Internal Interoperability: API, MicroServices, Ws [ g o2 @ a8 N\ [6Ts SR 2D R E o] £1a = ASCAPI mwahsocket )FILWARE || N -
Q = P Bo
S || 2 £
AN = i | Data Inspector | | LOGraph _ : |3
Data Inspector Service Ma LOGraph 3 =
s . % o Persistence & P : P P ) OpenSearch q ;
E = 23 Knowledge and Data Management SuperServiceMap Data Management, HLT 'g c
| 3] . . ] o = [1*]
Eo 3 gnu_g_ :| Ni-Fi nifié I | Linked Data triples g E -
g § g 8 Aggregation Processes and Rules Blockchain ‘ & FIUARE - .E E' §
2 T = AMQP Nowenen | | - ©
el 3 2= DataProcess loT/Entity Directory Brokers SMQTT 2 8||la
= i ' o
.g g. | Any protocol and format ! ! Any protocol and format . % E [
E & Connectivity: wired/wireless, loT Edge, etc. o, 3 o 2
I | HNode-RED
Any protocol and format | Any protocol and format |
P AT p /7\ o @ 9 Gate External ERP Social
@ QQ 0006 O sat || IS || BIM ] OSM 11 \ways || kan|| Services || cRM || Media

Device Layer External Third Party Services
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http://www.disit.org
Privati Statici

e Codicefiscale
* Foto non condivise
N e Aspettilegali
& >
O e Cartellaclinica

Privati Tempo reale

Pubblici statici (open data)

statistiche: incidenti, censimenti, votazioni

ccesst allaZTh
Lbliche UNIF!

Pubblici Tempo reale (open data)
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* Formati diversi, valori sparsi e discontinui anche in stream

— Data healthiness, integrity, etc.

* Tecniche: Data Lake per la normalizzazione del dato
— —> big data graveyards based on HDFS
* Formati e dati non riferibiliin modo preciso alla stessa semantica

delle entita in gioco: temperatur*e*, coordinat*e*, misure dei
sensoriin generale, ... 2 molto dipendenti dal contesto

— Modelli ontologici = ontologie = knowledge base = expert systems, per
ricerche in chiave semantica, Riconciliazione semantica, completamento,
contestualizzazione, ...

DISIT lab, BigDataArc 2026-27
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 The CAP theorem (Consistency - Availability - Partition
tolerance) is essential to understand the behavior of distributed
SW systems, and how to design the architecture in order to
meet stringent requirements, such as:

— High perf . |
igh performance -

to operate as expected
even with node failures

— Geographically distributed systems. T
cpP

Consistancy
- COntInUEd availability. all clients see current |

data regardless of
updates or deletes

* Working on billions and trillions of

the system continues to

day, scalability became a gusie o) ewmou assons
Partition
key concept. i cmenesid
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High Level Types
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* POI, IOT Devices, shapes,..

* FIWARE Smart Data Models,
* |oT Device Models

GIS, maps, orthomaps, WFS/WMS,

GeoTiff, calibrated heatmaps, ..
Satellite data, any kind..

traffic flow, typical trends, ..
Vector fields + heatmaps, ..
trajectories, events, workflow, ..

3D Models, BIM, Digital Twins, ..

OD Matrices of several kinds, ..
Dynamic icons/pins, ..
Synoptics, animations, ..

KPI, personal KPI,..

social media data, TV Stream,

routing, multimodal, constraints, ..

scenarios, ....

etc B 1+ | DINFO
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Km4C: Km4City 1.6.8
Using
— DCTERMS: for metadata Dublin Core Metadata Initiative
— FOAF: friends of a friends
— Good Relation: entities relationships
— iot-lite: IOT Vocabuary
— OTN: Ontology of Transportation Networks
— OWL-Time: time reasoning

— SAREF Smart Appliances REFerence extension for building devices available at
https://saref.etsi.org/saref4bldg/

— Schema.org for people and organizations
— SSN: Semantic Sensor Network Ontology (see https://www.w3.org/TR/vocab-ssn/
— WGS84 Datum of Geo-Objects

— GTFS, General Transit Feed Specification, and Transmodel, for public transport infrastructures:
lines/rides time schedules, real-time records, paths, etc.;

— BOT: Building Topology Ontology. https://w3c-Ibd-cg.github.io/bot/
— SACITY: SAREF extension for Smart City. https://saref.etsi.org/saref4city/v1.1.2/
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Standards and Interoperability ""SNAv

Compliant with:

* loT: NGSI V2/LD, LoRa, LoRaWan, MQTT, AMQP, COAP, OneM2M, TheThingsNetwork, SigFOX, Libelium, IBIMET/IBE, Enocean
Zigbee, DALI, ISEMC, Alexa, Sonoff, HUE Philips, Tplink, BACnet, TALQ, Protocol Buffer, KNX, OBD2, Proximus, ..

* loT model: FIWARE Smart Data Model, Snap4City loT Device Models

 General: HTTP, HTTPS, TLS, Rest Call, SNMP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS,
WMS, WCS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, VMS
Milestone, TIM, HERE, OGC, ....

* Formats:JSON, GeoJSON, XML, CSV, GeoTIFF, OWL, WKT, KML, SHP, db, XLS, XLSX, TXT, HTML, CSS, SVG, IFC, XPDL, OSM,
Enfuser FMI, Lidar, gITF, GLB, DTM, GDAL, Satellite, D3 JSON, ...

 Database: Open Search, MySQL, Mongo, HBASE, SOLR, SPARQL, ODBC, JDBC, ElasticSearch, Phoenix, PostGres, MS Azure, ..

«  Industry: OPC/OPC-UA, OLAP, ModBUS, RS485, R5232,.. _ .
«  Mobility: DATEX, GTFS, Transmodel, ETSI, NeTEx, .. https://www.snap4city.org/65

e Social:Twitter, FaceBook, Telegram, ..
* Events: SMS, EMAIL, CAP, RSS Feed, ..
* 0S: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS. ESP32. etc.

Foundation (& ok BEAS —=
- @""" ation (& F SRUALEE bee smart city

g Ala-X digital ecosystem
> : 1 : EUROPEAN OPEN
" 5[3':?1); network Ckan @GJL @?S&[th?ha A SCIENCE CLOUD

//
\
\

WYLORE,.
) 2
fgﬁ %\?
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https://www.google.it/imgres?imgurl=http://www.researchtuscany.com/file/foto/logo_ecm_METODI%20PER%20LA%20PROGETTAZIONE%20E%20TECNOLOGIE%20PER%20IL%20SEGNALAMENTO%20FERROVIARIO.jpg&imgrefurl=http://www.researchtuscany.com/intoscana/progetto_dett.asp?lingua%3D%26idlink%3D18%26id_progetto%3D104%26cat%3Dcat_1&docid=vFPdD5YwwTg3VM&tbnid=Uz2QphfA7MQ5nM:&vet=1&w=340&h=80&safe=off&bih=1019&biw=1633&q=ecm%20logo%20segnalamento&ved=0ahUKEwjKn_TMr6jSAhXKOBQKHdxWCbgQMwgbKAEwAQ&iact=mrc&uact=8
https://www.snap4city.org/65

oC

v | DINFO | DIS) e S T
FIRENZE | BREos | | ey e CSENebltyy [“resovte EIESEN SEGe
http://www.disit.org REPLICATE =l 2l
-
| Dati Smart-city Ontology
-] e i
* Collezionamento dati statici, quasi statici e real time, Sl km4C’ty

stream

— Dati open: geo localizzati, servizi, statistiche, censimenti,
etc.

— Dati privati degli operatori: con licenze limitate per non

permettere di fare profitto ad altri operatorisulla base dei S
loro dati e

| —
I
]
b
l|
L
]
]
]
i
]
I

I

— Dati personali delle persone: profili, comportamenti tramite
APP, 10T, sensori, web, etc.

Integrazione dati per renderli semanticamente
interoperabili,ed operare deduzioni (time, space... )

— | tradizionalicollettori di open data danno visioni statistiche
ma non sono adatti a produrreservizi integrati

Ll

Jl

i

— Integrazione con modelli semantici unificanticome

Hindily G
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| Linked Open Graph
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http://log.disit.org/
http://log.disit.org/

DINFO DISIT

~~~~~~ - Y SNAP/ciy

Expert System semantic queries

* via:

* Smart City APl for ... _
Apps and third a1 B Freses
party

 MicroServices =TT - i croimeeee—ee-

data driven == — ==
develop via visual , e
language

Node-RED
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Structure
Data

d
ETL

“ Data Version Control €

omise
Eihdg

Structured, Semi-Structured,
UnStructured Data
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: Table output 3 error
Update date Get data from XML o (
I:I\\

- XM
i ...... — :gb‘]. Ea —U—."—@%ﬂ
error 2 Table output 2 Get data from XML 2 Row denormaliser Merge J0in

Dummy (do nothing) erm_java Table output

err_javaz2 Table %tput 10 error 8 Table %tput 9
1

7= Q- [l {A{la{sle{R]| R

Pre%lj?tiﬂﬂ Select i spcess  String operations Database lookup Replace in string  Add source W3Ci Date Split Fields 3 spi Fields

@

=i e {Bl— =

W HEASE - = = =
Table qutput S ——— —

rs Table dutput 7 Selectivalues Report Get error 4 p Split Fields 2
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% Table output 4  error 3
E
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Table Rutput 6 . ) S ] ~ L]
error 4

error 6
Table output 8 error 7
g /

)

HEASE

@ kettle

I |
pentaho data mbegration
§ e

Batch Processing
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* loT App Visual
rogramming, no coding

e Data transformation

Integration, Interoperab.

Scripting Data Analytics

Data ingestion
Business logic

* Edge and Cloud

* MicroServices data
driven develop via

visual language
Node-RED
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Unwrap HL7 Data
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R Studio Development

@ File Edit Code View Plots Session Build Debug Profile Tools Help snapdeity [ | @
© - O Go to file/function « Addins ] Project: (None) =
Console  Terminal =1 @] AnomalyDetection.k =0
~/SnapdCity, (] Source on Save | O /- $Run | o[ #Source -
[1] "carpark” . 118 anomalieshatr[, “timestamp”] <- as.character(dataFinal[res3anoms$index ,"alignDateTime"]) a
Warning in statisticsResult[indfolder]$statisticsOutputiame = unbox 111 anomalieshatr[, “anoms”] <- as.numeric(res$anoms[,"anoms"])
("Predictions”) : 11
number of items to replace is not a multiple of replacement length 113 #table with anomalies
Warning in statisticsResult[indfolder]dstatisticsOutputiame = unbox 114
("MachinelearningPredictions” } : 115 setwd(outhD)
number of items to replace is not a multiple of replacement length 116 upt1ons(d1g1t5 =
“geom_smooth()” using method = ‘loess’ 17 tBtable <- tableGrub(anumahesmatm rows = NULL, cols = c("Date and Time", "Anomaly"), theme=ttheme_default(base_siz:
[1] "carpark” 118 grid.draw(tBtable)
Warning in statisticsResult[indfolder]$statisticsOutputiame = unbox 119 h <- convertHeight(sum(tBtableSheights), "in", TRUE)
("Anomalies™) : 128 w <- converthidth(sum(tBtableswidths), "in", TRUE)
number of items to replace is not a multiple of replacement length 121
[1] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria_free-" 122 plot <- resgplot
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi_free-" 123
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieracciniMeyer fre 124 plothix <- grid.arrange(plot, tBtable,
e-" 125 ncol = 2,
[1] "NO ANOMALIES ON THE SENSOR -CarParkS.Lorenzo_free-" 126 heights=c(5,1),
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[1] "carpark™ 128 setud(outD)
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number of items to replace is not a multiple of replacement length 131+ , finally = {
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e-" 135 statisticsResult[[indfolder]]resultFiles[indResult]]$sensor-unbox(as.character(columnshame[i]))
[1] "NO ANOMALIES ON THE SENSOR -CarParkS.lLorenzo_free-" 136 statisticsResult[[indfolder]]sresultFiles[[indResult]]$png-unbox paste(outiD, pasts( mlumnsNams[l], "Anomalies.png", si
[1] "NO ANOMALIES ON THE SENSOR -CarParkStazioneFirenzeS.M.N._free-" 137 indResult = indResult + 1
138
139
Files Plots Packages Help Viewer - ler jelsel .
141 print(paste("NO ANOMALIES ON THE SENSOR ", "-", columnsName[i],
©F) New Folder | G| Upload | © Delete | Rename | & More + 142 }
) Home 143
144}
& Name Size Modified 145
nohup out 728 Mar 30, 2018, 9:47 AM 186 setwd("~/SnapaCity")
R 147 write(jsenlite::te]SON(statisticsResult[[1]]), "JsonStatisticsResult.json")
143 return(statisticsResult[[1]])
Snap4City 149}
Snap4CityDEMO g? »
SnapdCityOld 1444 anemalyDetection(anomalyDate) » R Script &
Environment  History ~ Connections =0
# [ | 7 Import Dataset ~ | ¢ List »
7 Global Environment »
0 dataFinal 2794 obs. of 18 variables -
D dataset 35539 obs. of 12 variables
0 dataTest 97 obs. of 15 variables
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D meltDataTest 97 obs. of 4 variables
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Oplt List of 9
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* Management of Al/ML processes: training and execution

* Training needs: several processes

— with different parameters and models to be trained, validated and test in
batch to find the best results wrt metrics

— High computational costs, time consuming if the processes have to be sent on
GPU/CPU manually

* Execution needs, single executions in most cases singularly cheaper,
but expensive for large volume of executions:
— periodically as predictions (saving time if the model is loaded permanent)
— on demand as optimisation, clustering, etc. (loading model, burning time)
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Available Al Solutions on Snap4City

https://www.snap4city.ore/997  More than 80 Available Solutions & 300 Al applic.

* Mobility and Transport

* Environment, Weather, Waste, Water

* City Users Behaviour and Social analysis
* Energy and Control

* Tourism and People

 Security and Safety

* High Level Decision Support Solutions
* Asset management
* Resilience and Risks Analysis -k _
https://www.snap4city.o

*Low level TeChniqueS rg/download/video/DPL
SNAP4SOLU.pdf

https://www.snap4city.org/download/video/course/p4/
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Data Driven Decision Support

* Decision Support system
* Assessment / Strategies

* Data Rendering, visual
analytics

* Data Processing

* Data aggregation, Storage,
indexing

* Data Ingestion

SEE, | UNIVERSITA NI
TN DINF Ol |

{0 |oousrun | DINEO | i e
»;J‘Pl YQ‘ F l RE N Z E DELL'INFORMAZIONE TECHNOLOGIES LAB
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e Controlling Status: management, and
operational

o Monitoring via KPI

o Predictions vs KPI

o Anomaly detection

o Neuro-Symbolic analysis
o Risk assessment

o Early warning on critical conditions

e Making plan: tactic and strategic,

medium and long range, micro/macro

o Simulation & optimization

o Generative Al Prescriptions, scenarios
o Resilience to Unexpected unknows

o What-if analysis wrt scenarios
2024/8

CUSNANCHV
Y '%/—\Monitoring
-City

e 4

XN

n
/ Models&K\ Predictions,
Decision
Support System

Data Anomaly Detection,
,k Simulations, /
Scenarious TFR, Crossroad,
— :
Public Transport,
Routing, ..

Analysis, Assessment
What-If Analysis,

Warning
Optimization <
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P T

What don’t @‘5
I know? e sn €
What Cognitive/Self
should we Learning Analytics

do about it?

Sentient and

What will

happen?

Predictive
Why did it

Analytics
happen?

Diagnostic [
Analytics

What
Happened?

Descriptive
Analytics
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e Big Data Analytics

Semantic Computing

Machine Learning

Explainable Artificial Intelligence
Deep Learning

Geo Spatial Reasoning

Text Analysis, Sentiment Analysis
What If Analysis

Simulations

Visual Analytics

Engagement Analysis




(@) SUSTAINABLE ™ &
$2/ DEVELOPMENT \J %us® ALS

¢“SNAP/cry

3 GOOD HEALTH QUALITY
AND WELL-BEING EDUCATION

v | NI

15 Minute City Index:

13 subindexes: energy, slow mobility, fast
moblllty, housing, economy education, culture
and cults, health, entertainment, gov, food,
security...

*  Optimization of car sharing/pooling

* Monitoringand Prediction of energy consumption
* Stimulating: Bike sharing, e-bikes, car charge, etc.
* Sizing energy plants, Community of energy

Predictive maintenance

. Decisions Support Systems

. Process optimization, control

*  Industry 4.0 integrated solutions

e Al assistant for commercial activities

-« Reduction of emissions, reduction of congestions

* Smart City infrastructure: monitoring and resilience, long
terms predictions, optim. operation and plan

» Effective and Low cost smart solutions

* What-if analysis, Simulations, optimization

- * Origin Destination matrices computation

*  Optimization of Waste Collection

*  Reduction production costs
*  Monitoring resource consumption

*  business intelligence tools for decision makers

*  Advisor for documentation, generative Al

13

CLIMATE
ACTION

ction of emissions, reduction of congestions

itoring and Predicting: NO2, NOX, CO2, Traffic
pollutant, landslide, waste, etc.

ic flow reconstruction, optimisation
and vs Offer of Mobility analysis

Shortening justice time

Prediction of mediation proneness

Assisting institution is taking legal decisions
Anonymization and indexing legal docs.

. Ethical Explainable Artificial Intelligence

. Advisor for legal documentation, generative Al

16 PEACE, JUSTICE :
AND STRONG .
INSTITUTIONS .
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Goals:
* Decongestion, Decarbonization, costs reductions
* Improve Accessibility to services
* Improve Security/Safety of city users

Operation and Plan:

— Traffic monitoring, prediction, reconstruction, identification of critical conditions
(early warning), fleet management, dynamicrouting, multimodal routing, city
user behaviouranalysis

Optimization and what-if analysis traffic light, infrastructure

— Reduction: travel time, waiting time, stops, CO2 emissions, consume fuel, travel N ' Seyeerd
time for tramways BN : - J

Public Transport: analysis of Mobility Demand vs Offer of Transportation
Parking Management: monitoring, prediction, any payments, on/off-road

Sharing / Pooling Management: eShare and mobile app, bikesharing, smart
bike, fleet management B BT

KPI: SUMI/SUMP, travel time, emissions, traffic status, accessibility, .. bl = e = o (g o
Mobile App: final users and operators o Ul Oy WL  a
— Info Mobility, traffic reconstruction, charging, participation,
— Parking, payments, overparking, fine reporting, ..
Participatory: problem reporting, ticketing, etc. N 20w — 48
Data Integration of any kind: env, weather. Tickets presences,RQJ, sat, etc. 58
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* Making decision on mobility
and transport solutions =2
what if analysis

e Controlling pollution
* Dynamic Routing for

Firebrigade, Ambulances,
general public

* Planning Public
Transportation routing

¢YSNAPlcrry B

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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http://www.disit.org

— Solutions for I
— Predicting models 2 g1 s
— Early detection T ,
— Anomaly detection - DAY N
— Data Analytics So1s  so1s Bois  Zo1s Zo15 2015 2015
Training: 01-08-2015/02-10-2015 63 DD

e

Data mining, Clustering

Test period: 03-10-2015/25-10-2015 22 DD

Figure 5: Comparison among the selected predictive models discussed and presented in
Tables 2 and 3 with respect to the real number of visitors. Both training and validation

periods are reported.

Semantic CompUting ( —o—EIlI —m—\/1l EEI ——=\VEI —#—=\VEE VVE
— Machine learning X d= TR Lkttt y -
, 100000 SII—|\/|ObI|I'[¥
— Natural Language Processing, 80000
Sentiment Analysis o009
— Architetture parallele
— Hadoop’ Spark' Kafka' map reduce 1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25

Hdfs, Hbase, Mongo,

— I10T/IOE

Virtuoso, RDF stores
Distributed Scheduling
GPU

Protocols
Devices
— Data aggregation

REPLICATE
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* Origin Destination Matrix

— Specific Sensors, vehicle Kits, mobile
App, Wi-Fi Access Points, etc.

* Assess people and traffic flows to
— Improve services

— predict critical conditions on Crit.
Infra.

— take real time decisions and sending
messages in push to population

— Increase city resilience
— optimize traffic flow
— take decision of routing

DISIE

— — — — —

OPH

> 10-12
2 12-14
> 14 -16
> 16 -18
> 18-20
o 20-22
D 22-24

Filters

¥ 94123

R
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Pieraccini Meyer car park trend Careggi car park trend

®

12 parking areas in Florence
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Deep Learning for Short-Term Prediction of
Available Bikes on Bike-Sharing Stations

60 minutes Clusterl Bi-LSTM

—— prediction
groud_thruth

o

- N e Bi-LSTM
- @ @ - ‘ « 20
o
=
4 (timesteps) . ERCR
@: :I
| == . ® o o
< 2 @) (5 B8 - ‘ 2 ® ® O
o 8 -
- o o
2 g ' ., 8 : : : : 0
N o ° ° ° z
ternationat cm = 5
o
: @ O '@
:  © 0 @O
=
o e e

. NEURON +
sigmoid

1st Layer 2nd Layer 3rd Layer Output Layer

E. Collini, P. Nesi and G. Pantaleo, "Deep Learning for Short-Term Prediction of Available Bikes on Bike-Sharing Stations," in IEEE
Access, vol. 9, pp. 124337-124347, 2021, doi: 10.1109/ACCESS.2021.3110794.

h /i lore.i .
ttps://ieeexplore.ieee.org/abstract/document/9530580 DISIT lab, BigDataArc 2026-27

100

104


https://ieeexplore.ieee.org/abstract/document/9530580

UNIVERSITA | p
DEGLI STUDI DINFO | DISIT Ih ' n

- e - 7" sii-Mobility s
FIRENZE | R0 | SRR o }WF J - o' j / AR S ~ate
RMAZ INE \ ' , \ ,
1 hu-p’/ di : : :

-

e Spire and Virtual Spires (cameras), Blue uf;}

e

* Specifically located: along, around,

5 \}wl 1T , {RA8 | Hide Menu

i Regular Services ITransversaI Services -

1 |search text into service ’

Raver @ Services Categories
[] De/select All

D @ Area +
L =0 L] @ DigitalLocation +
f A [ 1B yonnanings

o

.
a

search text Into service
| | services Categorles
|| [ pe/select all

| @ Accommodation +
[C] &3 Advertising +
["] @) AgricultureAndLivestock +
[ B} civilandEdilEngineering +
[[] B cutturalactivity +
) educationAndResearch +

y |

.

asacea goscaces

+

Environment '+

FinancialService +
GovernmentOffice +
Healthcare +

[ §) tndustryAndManufacturing &
[] B} MiningAndQuarrying
ShoppingAndService +
ﬂu TourismService &
TransferServiceAndRenting -
L & Boats_and_ships_rental -
I @ susstop

M @ sus_vckets_retat

O 8 cargo_handing

2 @ carpark

v 8 Car_rental_with_driver

o o [
BGGGGO

O

& B charging_stations
O B charter_sidnes |
O B cvi_aimore v

DISIT lab, BigDataArc 2026-27




2 | l
&\"9“ (’- LNIVERSITA BILI_EAJ_B_I_Q_I:I' _
r‘n {8 e | oo | psiT. "eFecnologice. % g Last sensors measure
— | gl | PiRenze | EEEC. - S B - 2018-02-01T00:10:00
O [2018-02-01T00:10:00 | N P P ) :
N - ViA DEI M i o 4 = Free street
(A1 spedate ' b
e M';f;'}0 V) Fluid traffic
Lses b s | H i
o = === Heavy traffic
L"(,, \~ La ra _Flesole vy
e % ® s \ = Very heavy
R 4 o~
%, Aeropt *tgrenze 7 O Sensor position
=/ Amerigof pucci -
~ ‘) Q . 4
Quaracchi A ‘ "Lv& /
VIA )'i ! ?"é ¢
o ;‘,’ )
ey, Soeie e, >
/:-—"- =t .- S 2
S
% B
é‘ @ ‘ Parco delle — S— s Poggio ‘
2 % = Cascine - ‘ Gherardo Settignano
£ Ugnano S A UNZ,
el Mantignan ViAGasriete o O
k)
- o ;
; %
&o »
§ Caserma Perotti
~- | <
@3 2 [ \
—— y ‘
CEAE] N i SO ‘ Q Firenze -
Ponte.a Gréve A e ) \N ‘ Rovezza
VIA PISANA' ) % £ [ ] [ ] [ ] w — - Caserma
S By A LYY a L Clons /
c ttp://firenzetraffic.kmd4city.org
' (8]
£ B e
o~ J_' ) il e ) - J & \ \ J J
= PP AT ”"r’f yc
rarme-Flow<recons

CIORn, Fea

=1

VA P\ANj = [L‘
o
Leaflet | Map data @ OpenStreetMap contributors, CC-BY<SA; Imagery iz Mapbox

DISIT lab, BigDataArc 2026-27

106


http://firenzetraffic.km4city.org/

NIVERSITA
EGLI STUDI

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

INGEGNERIA INTERNET TECHNOLOGIES LAB

DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

and slides

vl

icting J

Dataset Construction

13 oo 15 oim

ouTPUT

Previsional Model
Dataset Model training
Construction And validation
t \
e BT
Data L1 1)
SNAPA4CityAdvanced APIs
(%)
(O]
A
& Storage | Predictipns Shap Assessment
, :: > and KB Data Analytics |OT App
Real Time Management
data from S -
Field: rain B Snap4City Servers and Tools:
! )
weather, etc. a0 Dashboard manager, Heatmap
— manager, GeoServer, Smart City API.

E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.
https://ieeexplore.ieee.org/abstract/document/9732490

, "Predicting and Understanding Landslide Events with
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S. Bilotta, Z. Fereidooni, L.A. Ipsaro Palesi, P. Nesi, "Macroscopic GA-based Multi-Objective Traffic Light
Optimization Prioritizing Tramways", Applied Soft Comp. Journal, Elsevier, 2025.

1. B .
D A Traffic Simulation-K8S Sun22 un 11:52:15 @@
: : Wid
PAUSE i - i ———* e I Prepare Simulation Execute Simulation KPI Simulation
i » Effects
» SSAO Simulation:

Close Controls
Delay: 30.0 ms &

*
[ S ————

Simulation: 2025/06/22 11:51:56

Stats

time: 342.000 s
payload: 6.5 KB
simulate: 11.50 ms
snapshot: 2.38 ms

Vehicle Summary

car(s): 152
tram(s): 2

Quick Find
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Z. Fereidooni, L.A. Ipsaro Plaesi, P. Nesi, Multi Agent Optimizing Traffic Light

Signals Using Deep Reinforcement Learning, |EEE Access, 2025.
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» Solving Navier-Stokes PDE (partial differential equations)
equation, via PINN approach

— Reduction of computing costs for simulating load effect into the
autoclaves curing process

— Validation wrt Open Foam
— Precision on steady and transitory cases
— Definition of Transfer Learning techniques

* Videos on https://www.snap4city.org/1010

DISIT lab, BigDataArc 2026-27 111


https://www.snap4city.org/drupal/node/1010

, —

NYESTA DINFO  DISIT : =
ey | pSTeIR e, SN Ap4

I R-E N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy

AND TECHNOLOGIES LAB

Comparison of PINN vs*OpenFoam and err

0.250 0.500

g = gy AL -

OpenFoam MFN-PINN Absolu’re Error
0.050 0.100

U o U

DISIT lab, BigDataArc 2026-27 112



am@aﬂl& caz—lm:,@;r—alrmm@.e'ﬁm J—E@u‘l'—aﬂ -
rr;:»-@@r—?r'n . . ea:-—@-c:az "
i ==t

= o

@ g 5@5 ':EI'I-@'.I:&"D
= T ! .
Id: cpenlink-

ba:q:a@'ﬂ,“e—‘l - ! lod-cache
gEmesrEcrEnsslie-t ﬁbﬂﬁjl&@ﬁfﬁ—l?ﬁ;:@’ﬂEﬁJr“&B Mumber of triple: : )
) STTS5389163 .\ 0 @-mu%:
Gﬁ-l“‘.@‘—"lﬁ&l&" ’ ".“D-@Ga:u Cwut-connecticon: 13
N ! ~ In-connecticn: O
:-rl*‘,e:-—:-:-:in—@'\-—mb;_&a @ /

o Ry oo . Ny DISIT lab, BigDatalArc 2026:27 o e e;(.;}a,lB



UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

R,I\‘SSI?IBUTED SYSTEMS
TECHNOLOGIES LAB

e Controlling Status: management, and
operational

o Monitoring via KPI

o Predictions vs KPI

o Anomaly detection

o Neuro-Symbolic analysis
o Risk assessment

o Early warning on critical conditions

e Making plan: tactic and strategic,

medium and long range, micro/macro

o Simulation & optimization

o Generative Al Prescriptions, scenarios
o Resilience to Unexpected unknows

o What-if analysis wrt scenarios
2024/8
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/ Models&K\ Predictions,
Decision
Support System

Data Anomaly Detection,
,k Simulations, /
Scenarious TFR, Crossroad,
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Routing, ..

Analysis, Assessment
What-If Analysis,

Warning
Optimization <
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Firenze & Toscana - Background Orthomaps Test

This dashboad contains data derived from actual sensors and predictive values under validation Sun 22 Sep 22:59:21
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o Event planning, via what-if analysis O

Traffic Flow ~/

Ac}\ 2orto Firenze A %)
N
Amerige.Vespucci ] O
28 = N V/

o Change in the graph structure of the city

o Impact on the flow of people and vehicles
o Adaptation: public transport, traffic, pedestrian management, etc.

o Immediate reaction to natural events or not

o Everything is ready and updated in real time

o Each view is contextualized in terms of data: descriptive and
prescriptive

o Digital Twin
o More detail in the context integrated data
o Greater realism in deductions and representations

o Less fragmentation and non-uniformity in the views to support
decisions

DISIT lab, BigDataArc 2026-27
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Bus Stop Analysis: identification of criticalities
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i _ Caso d’uso: Pianificazione Urbana

in grande,
inizia da qui

Traffic Flow Simulation

« Simulazioni e modell
 scenari di sviluppo urbano

e Ottimizzazione

 infrastruttura di traffico

* riduzione dei tempi

« riduzione emissioni, etc. B
* Progettazione

* soluzioni sostenibili e

Inclusive

« migliorare la vivibilita

o

Digital Twin —
« Come base per il dialogo b B ot &

pal’teCIpa'[O FUt‘urE: b, | UNIVERSITA
Artificial 5| Y75L% | DEGLISTUD
Intelligence V= | FIRENZE

CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE
Research Da un secolo, oltre.

¢ poson DINFO DISIT
s FIRENZE hoeangm = o EE’S?ESJE%PS&H‘E%L‘GENCE CITy DISIT lab, BigDataArc 2026-27 120
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Scenario
Editor

Some
Points of
Interest

Traffic
Sensors

Air Quality <

Sensors

Weather
Sensors
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¢“SNAP/ciry

Fri 25 Oct 17:56:16

Compute Compute Show TFR
Loed Scenario: ) Acc TFRS KD)

Data Update

FortezzaCase1

Scenarios waiting to be processed: | StututoCus

Execution

Time Series
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http://www.disit.org

 HA: High Availability,
DRS: Distributed Resource Scheduler

VMotion
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Cloud computing e Virtualizzazione

DINFO

RTIMENTO DI
INGEGMNERIA
DELLINFORMAZIONE

* Motivations for Cloud computing and Virtualization
* Virtual Machine concepts: emulation, para-virtualization, snapshots
* Cloud Computing, cloud vs grid, goals of cloud computing

* High Availability, Workload Balancing
* vSphere Infrastructure, Vmotion, Power Management, Resource Scheduling, Fault Tolerance
e Security on the Cloud

e Conversions among VM and physical machines
— Covnersions: P2V, V2V

e vCenter, datacenters and cluster management

— Performance analysis for the cloud

 Comparison among Cloud computing solutions

* ICARO project DISIT lab, BigDataArc 2026-27 127
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sty ribprienguds /— ﬂ

/

Net.verk Clients

* Three separate networks

cards
— Front end
— Heartbeat
— Database NAS/SAN Public LAN
* UPS/APC solutions with - Hoartboat Connadtion r

— 2 UPS, each of which with
network card

° NAS/SAN
— Raid 5 or 6, 60
— Fiber connection

il

l |
L
L ]

SQL Node 1 SQL Node 2
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Virtuoso ServiceMap

Zookeeper Dashboard Backend Dashboard Frontend

Database

WSServer

loT App 2 loT App 1

Orion Filter

oker Personaldata

-

L s
B CCR o I
" 7/ cpepeticch

Nifi ¢ ' Opense.arch Opensearch Dashboard

LDAP Server MyLDAP Keycloak

loT Fiware Harvester Synoptics

| Personaldata
L R

Dashboardcron g loT Fiware Api

I I
v

OD insert API

OD get API OD Postgis
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Micro 6 (technical) [ Web Interface . proxy | ]

WSServer | | \

Resource Mng
node-r . J

Synoptics (WS) Frontend

[ Dashboard
PersonalData [

DataBase ] [ Kafka | MyLDAP,LDAP 1Hour

\

J
)
J

J U

Models harvester

\§

Smart Data [ OD Manager J [ ExtBroker [ EIWARE loT / ready to use

NIFl | OpenSearch | Open Search
Dashboard

ServiceMap (SCAPI) ] [ Virtuoso ]

} 0 /[ IOT App 01 ]\

10T App 02 ]

| J . |
1= installation
§ [ Dashboard Cron ] Dashlboarld [ ZooKeeper L KeyCloak ) - d

 I0TApp6

K'OT Apps /

Broker { ORION ]{ OrionFilter ]{ Mongo ]\
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e

o
~”SNAPAciry SnapAdyvisor Pe

Current chat: debug0 rso

Logged in as: al

edoardo_tester ~
Vi

So i

ri U|7

SnapAssistant model: fo)
D

Come creo una dashboard?

Llama3.3 ~

E LR Per creare una dashboard, puoi utilizzare la piattaforma Snap4City. La dashboard si compone di

un insieme di widget grafici che possono essere impostati separatamente assegnando una serie di
parametri, come origine dati, dimensioni, colori, forma, font, allarmi, relazioni con altri, ecc. (SOURCE:
Snap4 City per la creazione di Smart City Control Room, SCCR). Inoltre, la piattaforma offre la
possibilita di creare vere e proprie applicazioni interattive, multipagina/multidashboard, e non semplici
storie monopagina da scrollare. Puoi anche condividere la dashboard con altri utenti anche fuori dalla
Smart City Control Room tramite canali autenticati e protetti in HTTPS, in accordo al GDPR (SOURCE:

Snap4 City per la creazione di Smart City Control Room, SCCR). Per vedere alcuni esempi di dashboard,

puoi visitare il sito [https://www_snap4city.org/dashboardSmartCity/view/index.php?
iddasboard=MjUO0Mg==](https://www.snap4city.org/dashboardSmartCity/view/index.php?
iddasboard=MjU0OMg==) (SOURCE: Snap4 City 1st Overview v4 8 annot). Tuttavia, non ho trovato
informazioni dettagliate sulla procedura di creazione di una dashboard. Se hai bisogno di ulteriore

testTastolnvicPreChanges
Write a message...
ChatTestPostPSWINVIO B

assistenza, ti consiglio di contattare direttamente il team di supporto di Snap4City. Non so dirti altro in

merito.
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» Approccio RAG:

Una base di conoscenza specifica viene suddivisa
in frammenti (chunks), in genere consistenti dal
punto di vista semantico (semantic chunking);

Per ogni chunk vengono generati i corrispondenti
embeddings e indicizzati in un Vector Database;

Retrieval: viene generato I'embedding della

domanda dell’'utente (query) e viene fatta una
ricerca di similarita nel Vector DB per recuperare
i chunks piu rilevanti rispetto alla domanda
iniziale;

Augmented Generation: | chunks piu rilevanti

vengono inclusi come contesto insieme alla
query iniziale (augmented prompt) ed inviati al
LLM, che in questo modo ¢ in grado di produrre
una rispsota piu accurata e centrata sulle parti
rilevanti della base di conoscenza specifica.

Indexing Phase Documents Chunks

prompt and
question

Generating Phase

1
! N
1 "\
1 - \

Preprocessing N Embedding
] — A — ) —|
: “.- and Chunking Generator
) (SR N —— S " —— e BV SO
1 7 S
I Retrieving Phase [%] List of Chunk :
1 Embeddings |
: Store embedding to l 1
| vector database :
1 1
. = .
: = 1
. :
I l |
1 1
: Question/ Query :

Similarity

1 : 1
: I ..ﬂ Embedding T — Search I
: .. Generator Question !
1 Embedding :
1 1
| |
o pn e, Wamem: < opmpmimy = Lo e Sy 0L et R e e B e e e o el 1
:' e s s e e e e e e e r s !
1
| Large Language [ c“}" Combining
| esponse Model -~ Prompt relevant
: ':D:' context with
1
1
1
1
1
1
1
1
1
1

________________________________________________________________
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The evolution is now: Agent/Agentic Al

7 Al Agents & Tool Use

e Create agents that execute tasks using APls, tools, and
external systems

8 Multi-Agent Orchestration

e Agents that work together, delegate tasks, and
coordinate solutions

9 Al Product Integration
¢ Integrate Al into your products and services

DISIT lab, BigDataArc 2026-27 134
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SnapAdyvisor Copilot

Your Al-Powered Assistant for Smarter Cities

From questions to actionable insights — SnapAdvisor Copilot understands, plans, uses
Snap4City services, and delivers results.

¢“SNAP/ciry @“:

A Smart City Copilot with
Agentic Al Capability
The evolution of the Snap4City digital twin, combining

conversational/RAG assistance with Al agents that can plan,
act, analyse and explain results in natural language.

afly

° ege, o
How It Works Example Questions Wide Range of Capabilities
— “What is happening in this area?” Smart-city data @ Traffic and mobili
5 - B - & - G - (Q . '
- C_O “Find the sensors/POI along this route.” Geospatial analysis & routing Vg@; Si"‘t‘}“?tiot'? &
1. User request 2. (Re)Planning 3. Specialistagents 4. Analyse & verify 5. Answer . : S OptiTton
: - > : “Which route is better considering Statistics & analytics ’
Describe your Interpret the goal Select and invoke Process results, Deliver actionable - ll ditions?” What-if / DSS
objective in and create a Snap4City services recover from failures,  insights in text, e sl ot Prediction
natural language multi-step plan and APIs and refine if needed  graphics and reports /\/‘ “Analyse these trends and predict @ Knowledge / RAG
what happens next.” Spatial Al

Action & interaction

“What can be done to reduce the CO, External information

emissions in Mercy road at 9:00?"

Key Benefits

No technical expertise needed

&

Customisable & multilingual Visualisation 20/3D

©

High level data

No need to understand APls, data
- models or complex workflows.

Multi-domain knowledge

Mobility, energy, tourism, assets,
GIS and more.

mon =

miEaEm
IR NEEm

]

$ &

B.e

Powered by RAG, with private
knowledge collections.

For everyone

Support for developers, operators,
decision makers and more.

Proven Performance
90.5% 92.9%

F1 for specialist-
agent selection

against SPARQL
ground truth

Retrieval precision

management

00000000

@ Data generation
Reporting & multimedia

86.6% | 81.8

F1 on 90 queries G-Eval correctness
(4-8 reasoning | (average)

steps)

One Conversational Interface.
Multiple Smart City Capabilities.

Smarter questions. Brighter cities.
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e Laboratorio DISIT
e Tematiche del corso

e Infrastruttura del DISIT La
e Struttura del corso
* Modalita dell’esame
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* Overview del corso e del Lab (queste slide)
Cloud:

Architetture

Data Lake vs Data Warehouse

Batch and Data Stream processing:

|IOT Architecture: AWS, Azure 10T, Google I0T,
Snap4City I0T/IOE, I0T Industry 4.0

Development Life Cyle for Big Architecture with Al

Agile for Big Data Architectures
Containers: Docker, Kubernetes
MLOps, Al, ML

Analytics, Al, DL, RL, LLM

Data Spaces of the European Commission

Mobility and Transport: traffic flow reconstruction, modeling, etc.

Big Data Analytics (base): Time Series, predictions, LLM, NeuroSymbolic

Visual Analytics: Business intelligence, Dashboard (esteso), Simulation, Agenti Al

DISIT lab, BigDataArc 2026-27

CO’ZYO
virtualizzazione, HA, DRS, FT, architetture Q 6
C'C(/

Storage Optional:
VIDEO: Indexing and Search: SOLR,
SOLR Sharded, Elastic Search

VIDEO: Big Data Storage Confronto:

Hbase, Mongo
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* Tipicamente per ogni argomento sono presentati:
— Requisiti e motivazioni dello sviluppo delllargomento
* Punto di vista dell’'utente e del gestore
— Stato dell’arte
* Basi teoriche e tecnologiche, Eventuali standard
* Prodotti di mercato (leader), pro e contro
— Recenti Innovazioni e tendenze
— Confronti fra le varie tecnologie e nuove soluzioni, pro e contro
— Dettagli progettuali
— Aspetti prestazionali e di scalabilita
* Seminari di altri studenti e/o esperti, ....
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http://www.disit.org

* Ricevimento per la didattica frontale

— Online:

 Teams, cercatemi come: Paolo.nesi@unifi.it

— In ufficio: Via S. Marta
* Mandatemi una email: paolo.nesi@unifi.it
* Tipicamente tuttii Venerdi dalle ore 11:00 alle 13:00
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e Laboratorio DISIT
e Tematiche del corso
e Infrastruttura del DISIT Lab

e Struttura del corso /
* Modalita dell’esame
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e Corsoab6bCFU

—Modalita’ per il superamento dell’esame: Orale
* Chi preferisce puo’ fare elaborato

—Eventuale Project Work (PW) / Laboratorio per 3 CFU
* Modalita per il superamento: discussione elaborato

* Corsoa9CFU
— Modalita’ per il superamento dell’esame: solo elaborato

* Eventuali: PW, stage, tesi anche collegati fra loro
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